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Method © of Assembly : 








CERAMIC BUSHINGS © 
ae ~ 


The holes in the metal 
container should be 
plunged to ensure proper 
seating of the bushings. 
A ring of flux-cored solder 
placed round the bushing 
and melted with a small 
soft flame is better than 
the use of a shaped bit. 
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COMPREHENSIVE EXPERIENCE PERFECTS 


u_ctatlised 


FOR HERMETIC INSULATED SEALS 


The extensive experience of Johnson, Matthey in the pro- 
duction of precious metal preparations for glass and ceramics 
on the qne hand, and in soldering and brazing techniques on 
the other, provides a perfect background for these new types 
of hermetic insulated seals for electrical components. Thesé 
include a standard range of low-loss ceramic terminal bushings, 
metallised and tinned ready for use with soft solder. Heat- 
resisting glass tubes with metallised and tinned bands can also 
be produced for subsequent sealing with soft solder, and 
special bushings can be supplied to individual requirements. 
Full details are given in J M C publication 2470 which will be 
sent on request. 


One of the specialised products of 


JOHNSON, MATTHEY 


& CO., LIMITED. 
73/83 HATTON GARDEN LONDON - €E.C.I. 
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VALVES 


Bantam Range 


STANDARD TELEPHONES AND CABLES LIMITED, FOOTSCRAY, SIDCUP, KENT. 
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METALLISED CERAMICS 


FREQUENTITE BUSHES 


























hermetic seals and soldered assemblies 









































Photographs (above) actual size. 
- Drawings not to scale, 
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R. 50636 R. 50728. ryt ae 
Code No. GCTBAO1, tht 
Code nos. are those used in 1.8.C.Tech.C. 
Specification No. R.C.L./330.11 i 
R. 50650. Code No. GCTBDO1. R. 50764. 
PORCELAIN BUSHES 
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TYPE CODE ol Peden Stalag Orbe Si : - 
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full information and prices please write to 


STEATITE AND PORCELAIN PRODUCTS LTD. 


STOURPORT -ON- SEVERN, WORCS. Telephone: Stourport Ill. Telegrams: Steatain, Stourport. 
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ANODE VOLTAGE 


THE KT8 
The OSRAM KT8 is a transmitting beam tetrode particularly 
suitable for use as an R.F. amplifier, oscillator or frequency 
multiplier. Its outstanding features include :— 





A useful output down to wavelengths of the 
order of six metres. 







“Aligned grids ’’ resulting in low screen current, 
largely removing the limit usually set by screen 
dissipation. 


Low interelectrode capacities normally making 
neutralising unnecessary. 


Osram &G6.C 


PHOTO CELLS CATHODE RAY TUBES 












Advt. of The General Electric Co., Ltd., Magnet House, Kingsway, London, W.C.2. 
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EQUIPPING A LABORATORY ? 
Lath git om hee sae 


Time and time again experience has shown that a considerable 
saving of time and money could have been made if Marconi 
Instruments had been called in at the very earliest stages of 
equipping or re-equipping a scientific laboratory. All too 
often it is found that vital instruments have to be installed 
almost as an afterthought when it is too late to site them in 
the most logical and convenient place. All too often it is found 
after several measuring instruments have been installed that 
a single piece of Marconi apparatus could have done the work 
of them all. 

Consult Marconi Instruments from the start—it costs nothing 
and may save a great deal of time and money. 


oO MARCONI INSTRUMENTS LTD. ) 


St. ALBANS HERTS. Phone: ST. ALBANS 4323-6. Northern Office: 30, ALBION STREET, HULL. Phone: HULL 16144, 
Western Office: 10, PORTVIEW ROAD, AVONMOUTH, BRISTOL. Phone: AVONMOUTH 438. 
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é SERS! IN 
/ AMULTICOR F; 


= 
=f Multicore Solder contains 3 cores of extra active non-corro- 





Pure tin ont lead ned in 
Multicore Solder ensures 
uniform high —: 





sive Ersin Flux. Na extra flux is required and joints can be 





readily made on oxidised surfaces. The three cores of Ersin \* 
Multicore ensure rapid melting and flux continuity, thus 
speeding up soldering operations and eliminating waste. 


























% NOMINAL 1-lb. REELS HIGH TIN CONTENT PRE-WAR QUALITY. a oy 3 
4 Approx. Length! Price per nominal High Precision standard of 
patitlogue | Alley, | swc. |" pernomina | 1-b. reel soldered joints obtained with 
erence No. / Fh. r reel. shieed. Multicore. 
16014 60/40 14 64 feet 6/- 
16018 60/40 18 178 feet | 6/9 























This machine enables Multicore 
to be made in gauges between 
10 and 22 S.W.G. 








MULTICORE SOLDERS LTD., MELLIER HOUSE, ALBEMARLE STREET, LONDON, W.1 
Tel. REGent 1411 (P.B.X. 4 lines) 
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LITERATURE 


is now available— 


INSTRUMENT 
pamphlet M.R. 3 


BATTERY CHARGERS — descriptive pamphlet 
M.R. 13. 


WESTECTORS — data sheet No. 47. 
H.T. RECTIFIERS — data sheet No. 24. 
L.T. RECTIFIERS — data sheet No. 30. 


CONSTANT VOLTAGE A.C. EQUIPMENT — 
publication E.E.2. 


CONSTANT VOLTAGE D.C. EQUIPMENT — 
descriptive pamphlet II L. 


@[WESTINGHOUSE|® 


ESTALITE 


METAL RECTIFIERS 


Write for copies to Dept. E.E. 
WESTINGHOUSE BRAKE & SIGNAL CO. LTD., 
82, York Way, Kings Cross, London, N. I. 


RECTIFIERS — descriptive 














What causes Record Wear ? 
NEEDLE IMPEDANCE ! 


Low Needle impedance is obtained with light damping 
which, in turn, depends on low needle point pressure. 


™* Lexington 
MOVING 


COIL 
PICK-UP 


reduces these to 
a minimum by 
the introduction 








(Scientifically Engineered) 


of precision watchmaking mechanics‘ into the Radio Industry. 


@ Response curve flat from 
30 c/s. to 12 Ke/s. 


@ Automatic needle or 
sapphire changing opens 


@ Robust design. Acci- 
dental dropping on 
record will not damage 

e Pick-up. 

Extreme low moment of : 
inertia. (80 milligrams new fidelity field to the 
total weight of move- aon: 

ment). @ Can be used with normal 

@ Pure sine wave with no record changer without 
harmonic distortion. fear of damage. 


PRICE: £5. 0. 0. plus £1. 5. 0. Purchase Tax. 


Preamplifiers are also available for screwing into cabinet, which 
converts standard M.C. pick-up with inverse of pass recording 
characteristic permitting suitable input for standard amplifier for 
use with our pick-up. 
DEMONSTRATIONS: Monday to Friday, 10 a.m. to 5 p.m. 
Also Thursday Evg., 6.30 p.m. to 8 p.m. 
and Saturday, 2 p.m. to 4 p.m. 





COOPER MANUFACTURING CO. 


134, Wardour Street, London, W.|I. (Gerrard 7950) 
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THE MOST FAMOUS SET MAKERS ARE ACAIN FITTING 


MAZDA 


RADIO VALVES AND 


CATHODE RAY TUBES 
because of their 


PERFORMANCE AND 
RELIABILITY 





CHARACTERISTIC CURVES OF AVERAGE 


MAZDA VALVE TP.25 


PENTODE CURVES TAKEN AT Va =120 VOLTS 
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‘THE FILAMENT CURRENT OF 
THE MAZDA TE.25. 05 
EXCEPTIONALLY LOW; IT IS 
ONLY 200mA. 

















ITS MUTUAL CONDUCTANCES 
(9m FOR TRIODE SECTION = 
l'7mA.V; 9m FOR PENTODE 
SECTION = 1:0mA/;V) ARE 
REMARKABLY HIGH FOR A VALVE 
HAVING SO LOW A FILAMENT 
CONSUMPTION. : 









































THIS VALVE MAY BE USED AS A 
REPLACEMENT FOR THE BVA.172 





IN THE CIVILIAN WAR- TIME 
RECEIVER. 
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T would be a pity if the passing of 
J. L. Baird were marred by a 
revival of the tendency to belittle 

his work which was noticeable at 
intervals during his lifetime. 

For example, a letter in last week’s 
Sunday Times had this effect by 
pointing out that he was not the 
inventor of the present system of 
television, which is based on Camp- 
bell Swinton’s proposal in Nature. 
This is, of course, true, but then 
neither is Campbell Swinton the 
inventor of television. 


There are dozens of inventors of 
television systems. They were in 
existence long before Baird, and 
will be in existence in the future. 
Baird is no more the inventor of 
television than Marconi was of 
radio-communication, but they have 
this in common: they were the 
first in their respective fields to 
produce a practical result. - And 
that, it is submitted, is worth more 
than any paper invention. 


The analogy between Baird and 
Marconi might be worth pursuing. 
Marconi was hailed as the inventor 
of wireless telegraphy by the non- 
technical public and to this day his 
name is indissolubly associated with 
the development of the industry. In 


J. L. Baird 


actual fact he was the clever realiser 
of other men’s theories, if not 
inventions. The claim of Sir Oliver 
Lodge to be the pioneer in wireless 
telegraphy cannot be overlooked, 
and this claim was upheld in the 
controversy which took place from 
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The third Monograph in the series is : 


THE ELECTRON MICROSCOPE 
BY DR. D. GABOR 
(Research Laboratory, B.T.-H. Co.) 


Dr. Gabor is one of the foremost authorities on 
Electron Optics, and his monograph deals fully 
with the present developments in electron 
microscopes and their future possibilities. 
Copies* will be available through technical 
booksellers or direct from the Circulation 
Dept., Hulton Press, 43 Shoe Lane, €E.C.4, 
price 4/9, post free. 


Orders should be placed early as the number of 
copies is limited. 


A limited quantity of the Monograph 
PLASTICS IN THE RADIO INDUSTRY 


by E. G. Couzens, B.Sc., A.R.C.S. and W. G. 
Wearmouth, Ph.D., F.inst.P. 


is still available. 


This Monograph is obtainable through 
technical booksellers or direct from the Pu 
lishers at 43 Shoe Lane, E.C.4, price 2/6 or 2/8 
post free. 











1902 to 1906 in the electrical Press. 


In television, the names of Nipkow, 
Rosing, and others will occur as in- 
ventors prior to Baird, but he 
nevertheless succeeded in producing 
a practical systém and demon- 
strating it first. He would certainly 
have been the first to deny that he 
was the inventor of television as 
such, but he did invent several new 
and hitherto untried methods of 
transmitting pictures. 


There is no reason why Baird’s 
name should not be accorded the 
same merit in his own field as that of 
Marconi in his. His misfortune, if 
one may risk the statement, was 
that his supporters in the early days 
brought discredit on his work by 
over-publicity and premature claims. 
No doubt Marconi would have had 
the same experience if his supporters 
had been living in the age of 1926. 


J. L. Baird was personally a 
modest man. He seldom appeared 
in public, and the greater part of 
his life was spent quietly in his 
laboratory enjoying experimenting 
on the subject that he had made his 
own. He founded a science which is 
giving pleasure to thousands nightly. 
Let there be an end to this petty 
disparagement. 
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Industrial Research has recently 

made large grants to the Univer- 
sities of Manchester and Glasgow for 
nuclear research, and Sir Edward 
Appleton, the secretary of the Depart- 
ment, has stated that the equipment 
to be provided under the grants will 
be in advance of anything in the 
world. 


[Pies Department of Scientific and 


Perhaps the most outstanding item 
of this equipment is the Betatron, 
which is to be built*by the Metropoli- 
tan-Vickers Co. for the use of Pro- 
fessor P. L. Dee, of Glasgow Uni- 
versity. The Betatron is a device for 
accelerating electrons to high energy 
levels for the production of X-rays of 
great penetration, and at the present 
time there are only two in this coun- 
try. The smaller of these is of 
American manufacture, while the 
larger was built by Metropolitan- 
Vickers for use in their own research 
department. 





A 20-million Volt 


Betatron 


The enormous size of the Betatron 
which Professor Dee is to control may 
be gauged from the fact that the mag- 
net system is to weigh 130 tons, com- 
pared with 3} tons for the magnet of 
the existing Betatron. 

The existing Metrovick Betatron is 
described as a 20 million volt appara- 
tus, i.e., it accelerates the electrons to 
the same energy level as if a potential 
difference of zo million volts were 
used—and the resulting velocity of the 
electrons is very near the speed of 
light. The new Betatron is described 
on the same basis of comparison as a 
200 million volt apparatus. 

The electron acceleration is pro- 
duced in a vacuum chamber, or 
‘‘doughnut,’’ situated between the 
magnet poles, and during the process 
the electrons execute several hundred 
thousand revolutions in the doughnut, 
travelling a distance of about 300 
miles. A high vacuum must be main- 
tained to prevent the electrons from 
colliding with stray atoms, 


New Metro-Vick Equipment 
for Glasgow University 








At the end of the accelerating 


period, the electrons are allowed to st 


spiral outwards on to a tungsten target 
and so generate a pulse of X-rays of 
high penetrating power. The most 
penetrating X-rays hitherto artificially 
produced in Britain by British appara- 
tus were those from the Bart’s million 
volt X-ray tube, which was designed 
and built by Metropolitan-Vickers 
Electrical Company. The step from 
one million to 20 million volts means 
that the equipment as now existing in 
the Metrovick Research Department 
will have a much wider application in 
deep therapy treatment of cancer, 
radiography of metals, and nuclear re- 
search: 

The 200 million volt Betatron which 
the company is to supply to Glasgow 
University will be used for funda- 
mental nuclear research. It is not 
directly intended for the production 
of atomic energy, but at such high 
energies, entirely new effect of vital 
significance in the study of nuclear 
problems will undoubtedly be ob- 
served. 

The © accompanying illustration 
shows the existing Metrovick Beta- 
tron. The magnet is built of 0.014 sili- 
con steel laminations and measures 
approximately. 5 ft. long by 3 ft. high 
by 3 ft. wide. The exciting current is 
provided by tuning its main coils to 
resonance at 150 cycles with a bank 
of condensers which handle more than 
1,500 kVA and dissipate 6 kW of heat. 
The power required to maintain the 
circulating current (106 amp. at 700 
volts) is provided by a _ frequency- 
tripling transformer. This is a 50 c/s. 
3-phase transformer, into which third 
harmonic distortion is introduced by 
saturation of the core, and the 150 c/s. 
current of 50 amp. at 700 volts is 
drawn from secondary windings which 
are connected in an open delta 
arrangement to remove the funda- 
mental frequency. 

The large output of X-rays ob- 
tained from the Betatron (equal to 
that of 3,000 grammes of radium) 
necessitates thick walls for the pro- 
tection of the personnel operating the 
apparatus. These can be seen in the 
figure almost encircling the magnet. 
During operation the enclosure is 
completed by a wall of 18 in. thick 
barytes concrete. bricks, which is 
moved up on a truck. 
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Fig. 1. General view of equipment, 
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CALIBRATION & 


__ POWER SUPPLY RACK ” 


A Six-Channel Electronic Recorder 


article was designed in accord- 
ance with a specification issued 
by the Royal -Aircraft Establishment 
to meet the requirements of an elec- 
tronic recorder to assist the designers 
of aircraft in their investigation and 
measurement of the strains, and 
amplitude and velocity of vibrations 
occurring in different parts of aircraft. 
The measurement of vibration or 
strain in aircraft propellers, engines, 
frames, wings, undercarriages, etc., 
while fundamentally the same in 
principle in each case, often necessi- 
tates an entirely individual technique 
in making the actual measurement. 
The specification accordingly called 
for a design of recorder sufficiently 
flexible to cover the various existing 
requirements and sufficiently flexible 
also to take into account some possi- 
ble future requirements. 


[ise equipment described in this 


General Description 

Essentially the six-channel recorder 
consists of six separate cathode-ray 
tube oscillescopes built into a single 
unit named the camera unit. The 





* Cinema-Television, Ltd. 


B 


By M. SCOTT* 


traces appearing on the six cathode- 
ray tube screens are focused by means 
of two lenses on to a drum of 30, in. 
periphery, around which is wrapped 
photographic paper having a width 
of 120 mm. The drum is driven by 
an electric motor through a 10-speed 
gearbox, which allows a wide range 
of paper speeds from half inch to 
1,000 in. per sec., the maximum 
length of paper being 100 ft. Two 
rack type units, in addition to the 
camera unit, are provided, one con- 
taining the input switching circuits 
and the other containing the calibra- 
tion unit, time marking unit and 
power supplies for the amplifier. 

The whole equipment has been de- 
signed for the investigation of stresses 
and strains in grounded aircraft, but 
by suitably designed.transmitting and 
receiving equipment the required in- 
formation for recording in the camera 
unit could be received by radio from 
aircraft in flight. 
The Camera Unit 

The camera unit, which is the vital] 
part of any photographic recording 
equipment, has been designed, . as 
mentioned above, to allow for a wide 


range of paper speeds and to enable 
the length of record taken to be 
varied from 30 in. to 100 ft. Ob- 
viously a drum camera alone is in- 
adequate for use over this range of 
paper lengths and consequently a 
continuous feed system of suitable de- 
sign is required. With a continuous 
feed camera using 120 mm. wide un- 
perforated paper, certain practical 
considerations become progressively 
more difficult as the paper speed in- 
creases. For reasons of economy in 
photographic paper, the latter must 
remain stationary until just before 
the event to be recorded takes place, 
at which time the paper must be 
accelerated up to the required speed 
in the shortest possible time; the 
paper must then be decelerated also 
in the shortest possible time if there 
is to be a similar economy in paper 
at the end of the trace recording. The 
strain transmitted to the paper and 
associated driving mechanism during 
acceleration and deceleration makes 
it desirable that the paper speed 
should be kept as low as is consistent 
with the accuracy required for the 
recording. Fortunately the greater 











majority of vibration and _ strain 
measurements requiring long lengths 
of paper can be undertaken at speeds 
not greater than 200 in. per sec., 
while measurements requiring high- 
speed recording can be satisfactorily 
taken on paper lengths in the region 
of 30 in. It was decided to combine 
the drum camera and the continuous 
feed camera into a single unit. 

If reference is made to Fig. 1, 
which illustrates the equipment as a 
whole, the camera compartment will 
be seen situated in the top centre of 
the camera unit. Two armholes 
provided with light-tight sleeves are 
provided to enable daylight loading, 
while situated on top of the camera 
compartment, immediately above the 
drum, are two paper cassettes, the 
one on the right being used as a paper 
reservoir and the one on the left con- 
taining the take-up spool for use 
with the continuous feed mechanism. 

When the operator inserts his hands 
into the camera by way of the light- 
tight sleeves, a tongue of paper left 
projecting from the cassette can be 
pulled down and guided around the 
drum. If it is intended that the 
camera unit should be used with the 
drum attachment, the paper can be 
cut to the correct length, after being 
positioned around the drum, by 
means of a guillotine, and can then 
be fastened to the cylindrical surface 
of the drum. If the continuous feed 
attachment is to be used, the paper 
is guided first around the drum and 
then into a clip attached to the take- 
up cassette, which is driven via a 
slipping clutch from the drum shaft. 
The reason for the slipping clutch is 
obvious when it is realised that as 
paper is fed into the take-up cassette 
the effective diameter of the take-up 
spool is continuously increasing and 
consequently is tending to take up 
paper at progressively increasing 
speed. It is therefore arranged for 
the take-up spool to rotate at a higher 
speed than the drum, while the clutch 
is adjusted to slip if the take-up spool 
endeavours to pull the paper through 
the continuous feed mechanism faster 
than it is being fed by the main 
driving mechanism. 

The operation of the camera, when 
it is used for recording on short 
lengths of paper by means of the 
drum, is simple. When the record- 
ing paper has been secured to the 
drum, the required speed is selected 
and the drum motor is started. When 
the starter switch is depressed, a pair 
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Rear view of input switching rack with dust 
cover removed. 


of contacts opens the camera shutter 
which is electro-magnetically oper- 
ated. A second or so is allowed to 
elapse so that the drum reaches a 
steady speed before the master record- 
ing switch is operated. The sequence 
of events resulting from the opera- 
tion of the master recording switch 
will be described in detail later. 


View of one amplifier and cathode-ray 
monitor tube. 
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The operation of the camera used 
for recording on long lengths of 
paper is also simple, but slightly 
different. When the paper has been 
attached to the take-up cassette, as 
previously described, and the re- 
quired speed has been selected, the 
hand-operated lever is moved from 
the position marked DRUM to the 
position marked CONTINUOUS FEED. 
This lever moves a pair of driving 
rollers to within 1/16 in. of the drum. 
The required recording paper length 
is selected by turning the knob 
marked FOOTAGE INDICATOR to the 
appropriate number of feet on the 
diah Next the drum motor is started 
and the master recording switch de- 
pressed. From this time onwards, 
until the record is finished, the 
camera is controlled automatically 
by means of a rotating mechanical 
switch driven from the gearbox and 
running at the drum speed.  Syn- 
chronisation of the various events 
occurring during the recording is also 
obtained by means of this switch. 

Fig. 1 shows the position of the 
six. amplifiers feeding the six cathode- 
ray tubes. Incorporated in each 
amplifier is a small cathode-ray tube 
used for visual monitoring before or 
during the actual recording. 

The amplifiers themselves can be 
operated as D.C. amplifiers with a 
frequency response from zero to 
10 kc/s. or as A.C. amplifiers with a 
frequency response from c/s. to 
10 kc/s., the gain being controlled 
by means of negative feedback. 
The maximum gain is 20,000 and this 
can be reduced to 40 by means of a 
ten-step attenuator, each step of one 
switch bank giving half the gain of 
the preceding step. Attached to the 
attenuator switch is another ten-step 
switch bank which is used to select 
one of a number of accurately’ known 
voltages for connexion to the ampli- 
fiers at the beginning of each record 
for calibration purposes, the wave- 
form being rectangular in shape and 
having a frequency of 500 c/s. A 
four-way selector switch on each 
amplifier enables them to be operated 
as follows: Each amplifier can be 
operated firstly, as a D.c. amplifier; 
secondly, as an A.C. amplifier; 
thirdly, as an integrating amplifier ; 
the input voltage required to produce 
a constant output voltage being pro- 
portional to frequency within + 2 per 
cent. from-5 c/s. to 10 kc/s.; and 
fourthly, as an integrating amplifier, 
the input voltage required to produce 
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Fig. 2 (left). 


Block. schematic of cali- 
bration and time mark- 
ing unit. 


Fig. 3 (right). 
Basic bridge circuit. 








a constant output voltage being pro- 
portional to frequency within + 2 
per cent. from 50 c/s. to 10 kc/s, 
The short-term drift of the cathode- 
ray tube spot due to voltage varia- 
tions is limited to 0.02 in. in three 
minutes and long-term drift is limited 
to 0.25 in. in one hour. The ampli- 
fier circuit has been designed to be 
substantially independent of voltage 
variations and high-stability resis- 
tances are used throughout to mini- 
mise the effects of ambient tempera- 


. ture changes. 


Calibration and Time Marking Unit 


The time trace unit is used to pro- 
vide a series of timing marks, each 
extending across the width of the 
paper, at 1/sth, 1/25th, 1/soth, 1/250th 
and 1/sooth sec. intervals, with an 
accuracy better than 1 part in 10,000, 
the required frequency being selected 
by means of a switch on the front 
panel of the unit. 

The illumination for working is 
produced by means of a gas discharge 
lamp, which produces a bright thin 
line of light focused on the recording 
paper by means of a cylindrical lens. 

The high voltage pulses required 
for the lamp are obtained from a 
specially designed induction coil con- 
nected in the anode circuit of a time 
trace amplifying valve. The manner 
in which this valve obtains its signal 
is shown in the block schematic (Fig. 
2) of the whole of the calibration and 
time marking unit. This unit com- 
prises essentially a 1,000-cycle tuning. 
fork oscillator which feeds into a 
scale-of-two frequency divider. The 
output from this frequency divider is 
fed firstly to a calibration attenuator 
and meter unit; secondly, to two 
further frequency dividers connected 
in series; and thirdly, to the time 
trace amplifier. Each of these latter 
frequency dividers provides a division 


of frequency by 2 or 10, allowing 
any selection of division by 2, 10, 20 
or 100. The four outputs from these 
two frequency dividers, together with 
the output from the scale of two fre- 
quency dividers, are fed to the input 
of the time trace amplifier, which in 
turn feeds the tire trace lamp. 

Because there are five different 
timing frequencies it is necessary to 
be able to distinguish one from the 
other, and this is done by photograph- 
ing a small disk engraved with num- 
bers corresponding to the frequency 
in cycles per second. When operating 
the selector switch to obtain the re- 
quired frequency, a number of pulses 
are applied to an electromagnet which 
drives the disk around to the correct 
position. An image of the number 
on the disk is then produced on the 
paper by means of a 2-in. f 4.5 lens. 
The light source is a small gas dis- 
charge lamp similar to the one used 
for the timing marks. The lamp is 
required to flash once per record, 
and the high voltage necessary for 
this is obtained by charging a con- 
denser to 2,000 volts and then at the 
appropriate moment discharging it 
through the lamp. Light from this 
source is also used to photograph a 
counter giving the number of records 
which have been taken, the same lens 
being used for both images. 

The calibration voltage for the 
amplifiers, as can be seen, is, obtained 
from the first frequency dividing unit 
at a frequency of 500 c/s., the meter 
being used to adjust accurately the 
output voltage amplitude to within 
+ 1 percent. 

The output voltage from the first 
frequency dividing unit is divided in- 
to ten fixed voltage steps which are 
fed into the switch on the amplifier 
chassis already described in the para- 
graph on amplifiers. 
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The Input Switching Rack 

This unit enables a large number 
of wire resistance strain gauges or 
electromagnetic generator type vibra- 
tion pick-ups to be connected- by 
means of multi-bank selector switches 
to the amplifiers as required. 

If vibration measurements are to be 
made, a total of 48 pick-ups can be 
connected to the input sockets at the 
bottom of the rack and selected in 
groups of six by the switches for con- 
nexion to the amplifiers, 

When making strain measurements 
it is intended that the resistance strain 
gauges should form part of two arms 
of a resistance bridge circuit, one 
gauge being used for measuring the 
strain in terms of chapging resistance 
and the other gauge being a dummy 
which is placed near the measuring 
gauge to counteract the effect of local 
changes of temperature. A total of 
48 measuring gauges and 48 dummy 
gauges can be connected to the input 
sockets and selected in groups of six 
pairs for connexion to the amplifiers. 

As a total of 48 measuring gauges 
can be connected simultaneously to 
the unit, to save time in rebalancing 
the six bridges each time a new group 
of six measuring gauges is selected 
for recording, a panel containing 48 
pre-set balancing potentiometers is 
provided, all of these being adjusted 
before any records are taken. 

Reference to the circuit diagram 
(Fig. 3) of the resistance bridge shows 
that the arm containing the measur- 
ing gauge has in series with it a 
resistance variable in 10 accurate 
steps of 1 ohm from o to 10 ohms and 
an accurately calibrated resistance 
which is continuously variable up to 
a thaximum of 1.1 ohms; these resis- 
tances are used for calibration pur- 
poses. 

(Continued on page 261.) 
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One of the last photographs taken of J. L. Baird in his laboratory. 


OHN L.. BAIRD, who died on 

June 14, 1946, aged 58, at 

his home in _ Bexhill-on-Sea, 
was a typical inventor who before 
he became famous had_ experi- 
enced the hardships and difficulties of 
life. He was the son of a Scottish 
minister and started life with very 
little means. At one time he was 
interested in a jam-making factory in 
Jamaica but soon abandoned this in 
favour of technical work. He returned 
to London where his fertile brain be- 
gan to explore the possibility of tele- 
vision. 

So determined and certain vas he 
of the future of this new science that 
in the early 1920’s he worked in a 
garret in Frith Street, London, fre- 
quently day and night and often with- 
out food or money. By his person- 
ality and Scottish doggedness he im- 
pressed many members of the radio 
and electrical industry with his ideas, 
some of whom helped him by lending 
the apparatus and equipment so neces- 
sary for his experiments and then con- 
veniently forgot to send in a bill or 
ask for the gear to be returned. 

With these sundry pieces of equip- 
ment and some string and plasticine 
he progressed so far until he came to 


a complete standstill for want of 
funds. He was almost at the end of 
his tether and for some time had 
barely sufficient food to keep him 
going when he met in a London street 
an old friend. He told him all about 
his work, and, what was more impor- 
tant, his ‘‘ visions ’’—which have 
turned out to be so true—of the future 
of the transmission of pictures of liv- 
ing images over a distance by wire 
or radio. 

So impressed was this friend that 
he imniediately set about raising some 
funds and in due course Baird gave 
a demonstration in January, 1926, in 
his small room in Frith Street, 
London, to some forty members of 
the Royal Institution. The Times of 
January 28 stated in an article on the 
demonstration : 

‘* First on a receiver in the same room 
as the transmitter, and then on a portable 
receiver in another room, the visitors were 
shown recognisable reception of the move- 
ments of the dummy head and of a person 
speaking. The image as transmitted was 
faint and often blurred, but substantiated 
a claim that through the ‘ Televisor,’ as 
Mr. Baird has named his apparatus, it 
is possible to transmit and reproduce in- 
stantly the details of movement, and such 
things as the play of expression on the 
face.’’ 
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John L. Baird 
— Television 
Pioneer 


By B. CLAPP 


The author of this appreciation 

was Mr. Baird’s first technical 

assistant and maintained close 

association with him for many 
years 


As a result of this positive evidence 
of the possibilities of television, a 
small company was formed known as 
‘“‘ Television Limited ’’ and opened 
new offices and laboratories in Upper 
St. Martins Lane, and it was here I 
first saw John Logie Baird early in 
1926 where he was carrying on his 
experiments without any _ technical 
assistance whatever. Even at this 
stage he was fully confident of solv- 
ing the main problems and perfecting 
the science. 

A few months latcr, towards the end 
of 1926, I became his first technical 
assistant and was connected with him 
very intimately for many years. 

Even during the most exciting 
moments in our experiments he was a 
most considerate man, and although 
time meant nothing to him—night be- 
ing the same as day, Sundays the 
same as weekdays—he was always 
most thoughtful for his staff and 
insisted that while working long 
hours they had adequate food and 
drink. As a Scot he dispelled the 
idea that as a race they are mean— 
he was most generous, 

In May, 1927, Baird suggested that 
a picture should be sent from London 
to Glasgow by wire. A room was en- 
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gaged in the Station Hotel, the neces- 
sary telephone lines reserved, and 
the experiments commenced. He was 
always confident that any demonstra- 
tion would be successful, and on 
May 24 Dr. Taylor Jones, who was a 
Professor at Glasgow University, 
came to the hotel and saw an image 
of living people being transmitted 
from the studio in London. This was 
an achievement, and the first long- 
distance transmission of television 
ever made, 

John L. Baird never really came 
out of the clouds, and did not realise 
all the detail work necessary to carry 
out some of his ideas. He staggered 
me one day in September, 1927, by 
walking into the laboratory and say- 
ing in that quiet slow drawl of his, 
‘Can you sail for America _to- 
morrow ? ”’ 

He had a sudden urge to send a 
television picture across the Atlantic 
to New York and completely lost 
sight of the fact that there were such 
things as passports, visas, and pas- 
sages to be booked, also a fair amount 
of equipment to be got together 
and packed without any outside assis- 
tance. Arrangement had to be made 
for operators to run the radio trans- 
mitter situated in my house at Couls- 
don, which was to be used as the 
radio link, being connected by land 
line to the Baird studios and tele- 
vision scanning equipment in London. 
I was still his only technical assis- 
tant, and the whole project was to be 
a complete secret until the time was 
ripe to demonstrate in New York. 
Actually, the trip started a week later. 

The tests were successful and the 
proposed demonstration was given in 
New York on February 9, 1928, re- 
sulting in two-inch headlines in the 
New York papers, and the following 
remarks ; 

‘‘ Baird was the first to achieve tele- 
vision at all over any distance. Now he 
must be credited with having been the 
first to disembody the human form opti- 
cally and electrically, flash it piecemeal at 
incredible speed across the ocean, and then 
reassemble it for American eyes. 

‘“ His success deserves to rank with 
Marconi’s sending of the letter ‘s’ across 
the Atlantic—the first intelligible signal 
ever transmitted from shore to shore in 
the development of transoceanic radio 
telegraphy. As a communication, Mar- 
coni’s ‘s’ was negligible; as a milestone 
in the onward sweep of radio, of epochal 


importance. And so it is with Baird’s 
first successful effort in transatlantic 
television.’”’ 


A few weeks later a picture was 
received in mid-Atlantic on the Ber- 
engaria, and witnessed by the cap- 
tain and other officers of the ship. 
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The accompanying photograph was 
taken on that occasion. The chief 
radio operator was able to see his 
fiancée in the studios in London. 

All this publicity enabled Baird to 
obtain the necessary finance to float a 
new company, known as Baird Tele- 
vision, Ltd., and from then on he went 
ahead with his experiments until he 
convinced the B.B.C. that even 30-line 
television, although still somewhat 
crude, had programme value, and a 
series of experimental programmes 
were undertaken in September, 1929, 
which were transmitted from Baird 
studios at Long Acre, thence to the 
B.B.C. by land line and broadcast.on 
the normal sound wavelengths of that 
station. 

The B.B.C., of course, later started 
their own 30-line transmission direct 
from the studios at Portland Place, 
using Baird equipment and system 
entirely. 

This pioneer work done by Baird, 


‘and his persistence and foresight in 


convincing the B.B.C, and Govern- 
ment that there was something in it 
after all, was not far wrong, and was 
the incentive to other concerns and 
inventors to hurry on with their 
experimental work based on_ his 
original ideas, 

In the very early days of his work 
on television he had many setbacks, 
both financial and due to ill-health, 
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but none of these had the effect of 
embittering him or in any way damp- 
ing his enthusiasm, and he always re-- 
mained a most courteous and con- 
siderate man. 


In 1931 arrangements were made to 
attempt to televise the Derby and to 
transmit it on a screen at a London 
cinema. Three separate 30-line zones 
were used giving the whole picture 
the equivalent of go-lines. Very good 
results were obtained and the whole 
of the audience were able to see the 
finish of the race and the owner was 
clearly seen leading in his winning 
horse. 

A typical instance of Baird’s anxiety 
that everything should go smoothly 
was shown by the following instance. 
He came on to the stage behind the 
screen where the television receivers 
were installed just before the start of 
the race, and as the horses came into 
view on the screen J. L. B. exclaimed, 
‘‘ Phew !”’? with relief that all was 
well, and only by my placing a chair 
beneath him was he prevented from 
sitting on the stage. 

With the passing of John Logie 
Baird, the world has lost a great in- 
ventor, whose achievements have not 
been fully appreciated. There is no 
doubt that he should have had some 
official recognition for the pioneer 
work he had done. 





Taken on board the Berengaria during the first transatlantic television transm:scion. 
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Electronic 
Frequency 
Meter 
for L.F. 


By W. A. ROBERTS 


HE methods most commonly 
[sec for the frequency measure- 

ment of L.F. tones depend either 
upon comparison with known tones 
or upon the use of a Calibrated fre- 
quency bridge. 

In comparison measurements the 
unknown tone is compared with the 
output of a calibrated variable fre- 
quency tone source. The unknown 
frequency is identified by obtaining 
zero-beat or by obtaining stationary 
Lissajous figures, from the geometry 
of which the frequency relationship 
between known and unknown tones is 
apparent, 

Alternatively, the L.F. tone may be 
distorted to produce harmonics at 
R.F. by squaring or pulse generation 
and an R.F. harmonic then compared 
by zero-beat methods with the output 
of a variable frequency R.F. oscil- 
lator. 
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In bridge methods, the bridge used 
is frequently a derivative of the Wien 
bridge and one or more of the 
elements are made variable, the con- 
trol dial being calibrated in fre- 
quency. The bridge is adjusted for 
a null (usually aurally, because of 
the presence of harmonics which are 
not eliminated at balance), and the 
frequency is read from the setting of 
the calibrated dial. This method has 
been simplified by the introduction of 
decade-type bridges. 

Comparison and bridge methods 
are not convenient where a large 
number of measurements have to be 
taken at short intervals. Moreover, 
none of these methods is capable of 
showing the instantaneous frequency 
of an unstable or varying tone. 

The instrument to be described is a 
direct-reading electronic frequency 
meter. It shows instantaneous fre- 
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quency on a calibrated meter scale in 
much the same way that a voltmeter 
shows the ‘instantaneous value of 
voltage applied to it. The electronic 
frequency meter is applied across a 
circuit element in which the fre- 
quency exists and its indicating meter 
immediately shows the frequency. 

Successive measurements of a 
number of different tones can there- 
fore be obtained with the greatest 
ease and without the adjustments 
necessary in comparison and bridge 
methods. The extent, sense and 
speed of any variations occurring in 
the input frequency are immediately 
apparent. 

The particular model to be de- 
scribed is a simple transportable one 
for general laboratory use.  Instru- 
ments of greater or lesser elabora- 
tion, to meet a wide range of specifi- 
cations, can be designed on the same 
principle, 

The specification of this instrument 
is as follows :— 

Input impedance, 100,000 ohms. 

Frequency ranges, 0 to 2,000 c/s.; 
0 to 4,000 c/s.; 0 to 8,000 c/s. 

Overall accuracy, 2 per cent. of full 
scale (the full accuracy of a B.S. 
Grade 1 meter). 

Minimum input voltage, o5 V 
r.m.s. Input can then be increased 
to 50 V without any change in meter 
reading, 

Input waveform, unimportant. 

Valves, 3 pentodes, 1 power recti- 
fier. : 

Power requirements, 200/250 V, 
50 c/s., 50 W. 


Dimensions, 14 in. X 9 in. x 7 in. 
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The basic principle on which the 
frequency meter operates can be 
illustrated by reference to Fig. 1. 

In a direct-reading frequency meter 
a most important point is to ensure 
that the meter indications are not 
affected by changes of signal-input 
voltage over the specified working 
input range. V; and V2 are therefore 
operated as limiters, producing a 
square-topped wave of fixed ampli- 
tude. The square wave is then 
differentiated to produce a pulse. 

The circuit constants of V; and V: 
are arranged to give maximum am- 
plification and to limit on grid and 
anode with small inputs. Each stage 
has a high anode load, no static bias, 
and a grid series resistance. 

It is the positive half-cycle of the 
original input cycle which is of 
greatest interest throughout the cir- 
cuit. This positive half-cycle will be 
partially squared by rectification at 
i aabeal 7... eee ee 
amplified negative square wave at the 
anode of V; and is applied to the grid 
of V3. ! 

Its peak amplitude is now of the 
order of 40 volts so that the grid of 
V, is swung far beyond cut-off. The 
input waveform is consequently 
squared much earlier, and, with 
further positive limitation at the 
anode of Vz, something very close to 
a true square wave is available at 
the anode of V2. 

If this square wave is referred back 
to the original sine wave by means 
of a C.R.O., it can be seen that squar- 
ing commences only a few micro- 
seconds after the commencement of 
the input. cycle. The developed 
waveform is therefore a very close 
approximation to a perfect square 
wave and in practice can be consi- 
dered as such independently of fre- 
quency up to the limits of the range 
served by the instrument, 


When a square wave is applied to 
an RC series arrangement as in 
Fig. 2 the output voltage obtained 
across R is a pulse, the shape and 
magnitude of which are given by 

-t/CR 
Wane Go wceuecseuinsuysenees (a) 

The differentiating circuit of Fig. 2 
is used in this frequency meter be 
tween the anode of V2 and the grid of 
V;. It is driven by the approximately 
perfect square wave at the anode of 
V. Referring to Equation (a), C and 
R are physical constants chosen to 
produce a brief sharp pulse. V is 
maintained constant by the limiting 
action of the circuit. It follows that 
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Fig. 2. 


the elements of equation (a) are 
constants and, irrespective of input 
frequency,’a standard pulse is. pro- 
duced, constant in duration and 
shape. . 

This pulse and its negative coun- 
terpart are applied to the grid of Vs. 
V; has a large negative bias which 
puts the valve just beyond cut-off. 

In the static condition there is no 
current through V;. The negative 
pulses applied to the grid produce no 
change in this condition because they 
merely put the grid more negative 
while they last. The brief positive 
pulse releases the space current of the 
valve for the duration of the pulse at 
the point where it crosses the cut-off 
bias. A pulse of anode current flows. 

There is one positive grid pulse for 
each cycle of input frequency and 
there will be a succession of anode 
current pulses in Vs at a repetition 
frequency equal to the original input 
frequency. The anode current meter 
will indicate the average value of the 
anode current. If now the input fre- 
quency is doubled the repetition rate 
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of the standard pulses will be 
doubled. As a result, the scale of the 
meter can be linearly calibrated in 
frequency. 


Various supplementary considera- 
tions arise when the principle is put 
into practice. : 


The standard pulse on which the 
operation of the instrument depends 
is obtained only when the square 
wave at the anode of V/V, has its full 
standard and maximum amplitude. 
As the amplitude of the original 
input signal is decreased there will 
come a time at which the product of 
the gains of the first two stages is 
just insufficient to obtain positive 
limiting at the anode of Vs. 


Below this critical value of input 
voltage the pulses will no longer be 
standard and the meter reading will 
decrease with decrease of input 
voltage. The decrease of meter read- 
ing which occurs between the critical 
value of input voltage and zero input 
voltage will be called the ‘‘ tun-off.’”’ 


It is desirable that the minimum 
input voltage which will produce 
standard pulses should be as low as 
possible. This implies that the total 
gain of the first two stages should be 
as high as possible and indicates the 
use of pentodes. In this model, 
ACSP3 pentodes are used for V; and 
Vs. V; is an AL6o. 


A resistance of 30,000 ohms is put 
in series with the input of V; for the 
sole purpose of maintaining a high 
input impedance. The measured 
input impedance is then greater than 


Interior view of frequency meter. 
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100,000 ohms at all frequencies and 
is of the order of a megohm at the 
critical input voltage. With the 
30,000 ohms omitted the critical input 
voltage is of the order of 0.2 V 
instead of 0.5 V. Very much lower 
critical voltages can be obtained by 
the addition of another stage of am- 
plification before V;. For the writer’s 
purposes it was not found desirable 
to decrease the critical voltage as 
much as this because noise and 
induced voltages at the input then 
sometimes operate the instrument. 
0.5 V appears to represent a reason- 
able compromise for general labora- 
tory use. 

The upper limit of 50 volts input 
is quoted as giving the highest input 
which it is reasonable to apply to the 


grid of the ACSP3 via the dropper. 


The reading of the meter is unaf- 
fected by much higher input voltages, 
but such operation is not recem- 
mended. When frequencies at high 
voltage must be measured it is quite 
easy to insert a dropping resistance 
in series with the leads to the 
instrument, and this will at the same 
time increase the effective input im- 
pedance as seen by the source under 
measurement. 

Where it is possible to choose the 
input voltage, values between 1 and 2 
volts are as suitable as any. 

Ageing and deterioration of the two 
ACSP3 valves have no effect whatever 
on the calibration of the instrument. 
They can also be changed freely 
without calibration shift. Deteriora- 
tion in these valves is evidenced by 
an increasingly higher critical volt- 
age being required to operate the 
instrument. 

The introduction of a small degree 


of differentiation, or pulse genera- 


tion, between V; and V; gave a small 
improvement in the sharpness of the 
critical run-off point, 

The anode resistances of V; and V: 
should be as high as possible having 
regard to adequate high-frequency 
response in the amplifier. If they are 
increased excessively the sharpness of 
the critical voltage is adversely 
affected, although the critical voltage 
is lower. 


The condenser C in the main pulse 
generating circuit is a physically 
small ceramic variable of approxi- 
mately 60 weF maximum capacity. 
This variable provides a control of 
pulse amplitude and duration. It is 
used in initial calibration to set the 
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anode current of the pulsed valve 
exactly to full-scale meter deflections 
on the unshunted 2,000 cycle range 
(a frequency of 2,000 cycles being ap- 
plied at the input to the instrument). 
The CX product was not found to be 
very critical, but it is easier to main- 
tain high-frequency response if C is 
kept small. 

The resistance in the pulse generat- 
ing circuit consists of a fixed portion 
of 50,000 ohms and a variable portion 
of 10,000 ohms. The variable portion 
is a preset potentiometer the control 
of which is available behind a mask 
on the front panel and labelled ‘‘ Set 
CALIBRATION.” . 

The scale of the meter can, if de- 
sired, be checked occasionally against 
a standard frequency and the ‘‘ Set 
CALIBRATION ”’ control can be used to 
effect any necessary correction. Ad- 
justment at one frequency is correct 
for all since the scale is linear; there 
is no ageing of scale law. Scale 
linearity is fundamental to the system 
unless delibeiately avoided by circuit 
additions. 

In practice adjustments of scale 
have not been found necessary in 
some three months of use. On one 
occasion the instrument was left on 
for seven days continuously with 
input from a 1,ooo-cycle standard. 
The maximum errors observed were 
plus and minus 0.5 per cent. 


In this particular model the peak 
value of the pulse applied between 
grid and cathode is 5.0 volts. The 
peak cathode current is 4.8 mA and 
the average anode current at 2,000 
cycles is 200 HA. The standard pulse 
at the output of the differentiating 
circuit is of 25 microseconds dura- 
tion, The pulse applied to the grid 
of V; (the AL6o) is 20 microseconds 
in base duration. 


As might be expected, a much 
larger anode current (some two to 
three times greater) can be obtained 
with a given pulse input if the 
cathode resistance of Vs is substan- 
tially bypassed. In the present case 
the current with an _ unbypassed 
cathode was adequate and the bypass 
was omitted because it was con- 
sidered that the negative feedback so 
obtained might be of assistance in 
stabilising the operating characteris- 
tics of Vs. 7 

The 200 #A meter used has a re- 
sistance of 1,400 ohms. Values of 
resistance up to several thousand 
ohms can be tolerated without chang- 
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ing the performance. With a given 
type of meter.movement, where the 
full-scale deflection and field intensity 
are fixed it is desirable to have a 
higher rather than a lower resistance 
coil. The greater number of turns 
per volt gives increased torque for a 
given current change. The restoring 
springs can then be stronger and the 
whole movement is more robust and 
less subject to pivot errors. 

The quoted instrument accuracy of 
2 per cent. is the accuracy of a B.S. 
Grade 1 meter, and this is the limit- 
ing factor. It will be recognised that 
the performance obtained from a 
reputable make of meter is in general 
better than this, but no better figure 
can legitimately be quoted. In initial 
calibration the frequency meter 
shunts are adjusted to give high 
accuracy at the midscale reading, so 
distributing the error evenly over the 
meter. In such a Case it is recom- 
mended that subsequent calibration 
corrections should be made at fre- 
quencies near midscale on one or 
other of the ranges 


With a 200 wA meter and a first 
range of 2,000 cycles the change in 
H.T. load from zero toe 8,000 
cycles is 0.8 mA (all due to 
the change in the anode current ot 
the AL6o). If a meter of greater 
full-scale deflection is used, with the 
same ranges, the total H.T. load 
change will be correspondingly 
greater and may be sufficient to upset 
the voltage regulation of a simple 
power supply. The effect will be a 
contraction ot scale towards 8,000 
cycles. 


By the principle used, the reading 
of the meter is dependent upon the 
value of the H.T. voltage. Stabilisa- 
tion of the H.T. supply was out of 
place in a transportable model such 
as this. One position of the frequency- 
range switch is therefore labelled 
HT and turns the meter into a volt- 
meter across the H.T. supply. A front 
panel control is provided by which 
the H.T, can be adjusted to a refer- 
ence figure marked on the meter 
scale. This virtually corresponds to 
the ‘‘ ADJUST ZERO”’ control found 
on most valve-voltmeters (to which 
this instrument can be likened in a 
number of ways). 

If the meter is replaced by a 
resistance, then a D.C. output voltage 
proportional to frequency is available 
and the utility of the circuit can be 
extended to new applications. 


’ 
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By E. ROSENTHAL, Dr.Ing.,ZA.M.LE.E. | 


by metal layers is a problem 

with which insulator manufac- 
turers have been dealing for many 
years. One of the first applications 
of metal coatings was in connexion 
with high-voltage insulators. They 
have frequently been coated near the 
edges of the caps by means of the 
Schoop spraying process. The pur- 
pose of these metal coatings is to 
assist better field distribution. 


<3 HE coating of ceramic surfaces 


The same process 1s still being ap- 
plied with satisfactory results in the 
case of high-voltage power bushings 
near the edges of the central flanges, 
and also for high-frequency high- 
voltage insulators. The sprayed 
coating is very rough and not homo- 
geneous. Where, apart from high 
electrical conductivity, a very dense 
and firmly adhering layer is required 
for subsequent soldering, the spraying 
process is not-as good as burning-on 
layers of precious metal or embodying 
reducible non-precious metal oxides 
in the porcelain glaze. 


The hot metal particles thrown on 
to the ceramic surface by the Schoop 
pistol do not combine chemically 
with the surface; they adhere only 
mechanically, The adherence is im- 
proved if the coating is applied to 
a glaze having a lower softening 
temperature than the porcelain body. 
The glaze has to be roughened by a 
sand-jet before the metal coating is 
sprayed on. 


Not all metals adhere equally well; 
copper for instance does not adhere 
very firmly. Ground layers of 
other metals should first be applied. 
A copper layer is subsequently 
sprayed on. By using a glaze in 
which metallic particles are embodied 
the adhesion can be further improved. 
The Schoop process is also suitable 


for reinforcing burnt-on precious 
metal layers. 
In the case of large insulators 


coatings produced by spraying are 
more convenient than burnt-on metal 
coatings because in the latter case 
the articles after application of the 
paint have to be fired to a tempera- 
ture of between 650° C. and 850° C. 
as described later. This is an expen- 
sive process for large articles. 
Spraying is not suitable for coat- 
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Fig. |. Silvered ceramic 
disk for high-frequency 
capacitor. 


ings of accurate dimensions such as 
are often required in high-frequency 
engineering. It is also very difficult 
to cover the inside holes of tubes and 
the insides of flask-shaped articles by 
this process. 

Another method of coating cera- 
mics is silvering by way of cathode 
volatilisation. The principle in this 
process is to use as a cathode the 
métal to be volatilised under the 
influence of a glow discharge 
operated at go00/1,200 volts. The 
vapour emanating from the cathode 
is then allowed to condense on the 
cool surface of the ceramic article 
placed near to the cathode. Current 
and voltage are regulated in such a 
way as to keep the wires continuously 
red-hot but well below the melting 
point of the silver. The coating is 
formed from a cloud of metallic 
vapour emitted from the silver- 
cathode wires. If one wants to obtain 
coatings of accurate shape the 
ceramic parts have to be covered 
with a stencil; each article to ‘be 
metallised requires, consequently, a 
sheet-metal frame. If a great num- 
ber of ceramic parts are to be 
metallised by this method a great 
number of stencils will be required, 
which must fit very tightly in order 
to avoid irregular borders. The 
thickness of the metal layer created 
by this method is dependent on the 
distance of the article from the 





cathode. Plain surfaces can be 
coated relatively easily. If the sur- 
face, however, has projections or re- 
cesses which have to be included in 
the silvered area the thickness of the 
deposit will be larger on the projec- 
tions than in the recesses. 

The adherence of this type of metal 
coatings is not very great as no 
chemical reaction between ceramic 
and metal coating takes place. The 
contact of the coating with the cera- 
mic surface is nevertheless very inti- 
mate and for this reason this method 
is very often used in the preparation 
of specimens for accurate physical 
measurements. 

Purely thermal vaporisation is 
very similar to cathode sputtering. 
While in the case of cathode volati- 
lisation, the heated cathode wire 
emits vapour under the effect of 
glow discharge, in the latter process 
the metal is melted in a crucible and 
vaporised in vacuo. The properties 
of layers thus produced do not differ 
from those produced by cathode 
sputtering. 

A further metallising process is the 
formation of a deposit of silver by re- 
duction of silver-salts in dilute solu- 
tion. This process is used to a very 
great extent in silvering the inside 
of double-walled glass vessels, such as 
heat-insulating Thermos or Dewar 
flasks. The silver coating produced 
by this process does not form any 





chemical combination with the surface 
and consequently does not adhere very 
firmly. It is also rather difficult to 
obtain coatings of a definite and 
accurate shape; those parts of the 
surface which have not to be metal- 
lised must be protected by a stencil, 
varnish or other low-temperature 
melting substances*which can subse- 
quently be removed. The coating is 
very thin and even several repeti- 
tions of the process do not form coat- 
ings of sufficient thickness for subse- 
quent soldering, 

The processes described so far have 
one feature in common, viz., no inter- 
action takes place between metal and 
ceramic and, consequently, the 
metal coating does not adhere firmly 
to the surface. This drawback was 
a problem calling for solution when 
new ceramic low-loss materials for 
high-frequency purposes were being 
developed. Many of the favourable 
electrical and mechanical character- 
istics of these new materials could not 
have been fully utilised had it not 
been possible to produce firmly ad- 
herent metal coatings. The process 
which solved this problem was the 
burning of a silver preparation con- 
taining ceramic fluxes on to the cera- 
mic. This process is derived from 
the decoration technique used in the 
manufacture of artistic and domestic 
pottery. Most ceramic colours are 
mixtures of metal oxides with ceramic 
fluxes. ‘The mixtures are finely ground 
and the resulting powder is held in sus- 
pension in oil and turpentine. [t is 
applied to the ceramic article by 
various means, e.g., by a brush and 
after drying subjected to a tempera- 
ture of between 650° C. and 850° C., 
when the flux melts and dissolves the 
colouring metal oxide. For instance, 
to obtain a blue colour cobalt oxide is 
added to the flux, for green ceramic 
colours chrome oxide, for*brown iron 
oxide, for pink tin-chromium com- 
pounds, etc. Such colours are sili- 
cates or borates of various metal 
oxides and are _ non-conductive. 
Oxides of gold and silver differ from 
non-precious metal oxides by the fact 
that (owing to the lesser affinity of 
precious metals to oxygen) they are 
reduced when subjected to the firing 
process. Precious metal colours of 
this type were first used at the be- 
ginning of the ioth century; they 
were prepared by dissolving gold 
chloride in sulphurised oils or balsam 
resins, The solution is diluted with 
light oils such as turpentine ; bismuth- 
nitrate which acts as a flux is often 
added. This type of gold paint does 
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Fig.2. Silvered ceramic high-voltage 
capacitor part. 

not adhere as firmly to the ceramic 
surface as other types of ceramic 
colours containing more active fluxes, 
but for decorating domestic pottery it 
fulfils its purpose, producing, after 
firing, a very shiny and _ brilliant 
appearance. 

For coating ceramics for high- 
frequency purposes the precivus metal 
paints used in the decorated pottery 
art are modified by the addition of 
more powerful fluxes such as have 
been used previously with other cera- 
mic colours like blue, green, etc. 

Compounds now in general use for 
silvering ceramic ware comprise 


Fig. 3. Silvered ceramic coil. 
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silver oxide or organic combinations 
of silver, or finely powdered silver in 
a mixture of resins, ceramic fluxes, 


‘such as lead borates, lead silicates 


and sodium borates. Oils and other 
diluting agents impart to the paint 
the property of quick drying. At 
about 400° C. the silver oxide of the 
preparation is reduced and metallic 
silver is .formed; the coating turns 
from the black of the silver oxide into 
the white of the silver. - The tempera- 
ture required to complete the firing is 
dependent on the nature of the flux 
used in the preparation of the paint 
and on the nature of the ceramic. 
The maximum permissible tempera- 
ture is 950°C. when the melting 
point of the silver is reached. The 
lower the melting point of the flux 
the lower the temperature which 
has to be applied. The surface of 
the ceramic articles also has a certain 
influence on the most suitable firing 
temperature; glazed ceramic articles 
for instance require a lower firing 
temperature than unglazed articles. 
The adhesion of the metal coating to 
the ceramic surface is caused by 
interaction between the flux and 
the metallic particles. The silver 
particles are very evenly distributed 
over the whole ceramic surface and 
cemented together by the flux. It is 
obvious that a ratio of flux to silver 
must be chosen which will not greatly 
reduce the conductivity of the silver 
coating, i.e., not too much flux must 
be used in the preparation of the 
paint. A silver coating produced by 
this method is by no means such a 
homogeneous metal skin as that pro- 
duced by rolling on a soft metal foil; 
for instance the electrical conductivity 
of a ceramic silver coating having a 
certain thickness has only half the 
conductivity of a homogeneous silver 
foil of the same cross-section and 
length. 

The thickness of the layer may be 
increased by repeated coatings or by 
plating with silver or copper to faci- 
litate subsequent soldering operations. 
The depth may also be increased by 
the Schoop spraying process. When 
increasing the thickness by galvano- 
plating it must be borne in mind that 
the fluxes used in the preparation of 
the paint are not completely acid- 
resistant, metal-salt solutions which 
during the galvano-plating process 
would attack the fluxes have to be 
avoided. A method of increasing the 
silver coating is by plating the 
ground layer first with copper and 
then by covering the copper layer 

(Continued on page 262.) 
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now DISTRE NE foil 


Radar, one of the most epoch-making inventions of this century, would not have been 
possible without the help of a material possessing a very low power factor, a high resistance 


to moisture and great dimensional stability. 


DISTRENE Regd. (Polystyrene) was the material that completely 
met these needs. 

Now, in the change over from war to peace, you have your 
problems of high-frequency radio and electrical insulation. 
DISTRENE: FOIL can help you to surmount them. 

In DISTRENE FOIL (Orientated Polystyrene Film) the 
molecules are specially arranged during manipulation so that the 
tensile strength is increased by 3 times and the flexibility by 
IO times. 








Power Factor 
00002 - 00004 


Tensile Strength 
10,000 Ibs. /sq. in. 


Thickness 
0°001” to 0°008” 








BX PLASTICS LTD LARKSWOOD WORKS - LONDON .: €E.4 


Telephone: Larkswood 4491 


Branches: King Street Buildings, | Ridgefield, Manchester, 2. Telephone: Manchester Blackfriars 0258 


42 Wellington Street, Sheffield. Telephone: Sheffield 25517 
Works: London, Manningtree and Dundee. 
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(bb winding 


MACHINES 






A typical selection of 
coils wound on the 
Neville’s Pretoria Coil 
Winding Machine. 





THE NEVILLE’S PRETORIA MODEL 


For winding solenoid, transformer, choke and field coils. i 
A bench-mounting universal automatic coil winder embodying many refinement, 
hitherto only obtainable on expensive machines. A special foot-operated clutch 
gives smooth control of the winding spindle and it is possible to wind up to 
four coils simultaneously. 

CAPACITY : Coils from 3/16” to 6” in length. Gauges of wire 22—48 S.W.G. 
DIMENSIONS : The machine is 23}” long, 10” wide and 12” high. 

DRIVE: 1/4 H.P., 1425 R.P.M. Electric Motor. 

SPINDLE SPEEDS : 400, 530, 800, 1250, 3000, R.P.M. 

Write to department EG for full particulars. An experienced staff are available to 
give individual attention to any coil winding problems. Your enquiries are invited. 





NEVILLE’S awexrooy LTD 


THE SIMMONDS TOWER: GREAT WEST ROAD: LONDON 
AGO Ne PAWN: TsO RE SS Ne D8 BRO CUP 
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Complex Waveforms 
Analysis of Complex Waves (Concluded) 


By HILARY MOSS, Ph.D., A.M.I.E.E. 


Case (b).—Waves of Frequency Ratio 
tending to Unity— Beats ”’ (con- 
tinued). 

Continuing from the June issue we 
now consider the more general beat 
wave formed by the addition of two 
sinusoids of unequal amplitude. As 
compared with the simpler case where 
the amplitudes are equal, we note 
that : 

(1) The‘ beat”’ ‘period: is 

changed and equal to 2.7/8. 

(2) The period of the component 


un- 


OYA) 
wave is no longer ft=2.77/ (.+-) 
2 
but tends to be nearer that of the 
component of major amplitude. 
(3) The beat wave no longer lies 
within the double envelope 


OYA) ¢ 
{() = + 2Bcos( $s. =) 


2 2 
but instead lies within an approxi- 
matély sinusoidal envelope, the 
amplitude of which varies between 
A + Band A — B (A > B) where 
A and B are the component wave 
amplitudes. 

Determination of the Envelope of the 
General Beat Wave 
As before, let the two component 
waves be denoted by Asinwt and 
Bsin(w+6w).t, and let these terms be 


> > 
represented by the vectors OA and OB 
in Fig. 6. The angle between these 
vectors changes continuously as they 
rotate. The resultant beat wave is 
> 


<> 

the vector sum of OA and OB, aid is 
_> 
thus equal to OC in Fig. 6. However, 
in this case we are not interested in 
the phase of the resultant, but cnly 
in its magnitude. By simple trigono- 
metry we may write: 
lOC? = |OAP + |OB/? 
+ 2/O0AI|OBlcos AOB 


so that the beat envelope has an 
amplitude of 

OC =VA’ + B + 2.A.B.cos(8)t (56) 
This last expression reveals a periodi- 
city of 2.7/8 regardless of the rela- 
tive amplitudes of the components, 
thus justifying (1) above. In addi- 
tion, Equation (56) shows that the edge 
of the beat envelope is not a pure sine 





4(1 + &?) 








Ge)¢ 











Fig. 6. 


curve. The extent of the departure 
from a purely sinusoidal shape de- 
pends on the relative amplitudes of 
the components A and B. To investi- 
gate this point, let d/B = k, where 
we suppose that B > A so that k < 1. 
Then (56) may be expressed 


OC = Bv1 + R + 2.kc0s(8o)t 


which can be rearranged in a form 
suitable for binomial expansion 


1+ R 
OC = Bl | + kcos(d 
2 R<1 


Expanding by the binomial theorem, 
and then expanding the powers of 
cos($w)é¢ in terms of multiple angles, 
finally gives, after some rearrange- 
ment, 

















}? 
OC = B] V(1 + &’) - — 
4(1 + &*) 
k 3.k° 
4: + cos{8w)t 
Vir 4 + R) 8(1 + 8? 
k? 
— —————  c0s2(dw)¢ 
41 + RP? 
k® 








+ cos3(8w)t —. . (57) 
8(1 + #8 
in which expression all powers of 
k.cos(8w)é above the third have been 
neglected. (57) then holds for only 
small values of k, say Rk < 3. From 
it we obtain the following results for 
the harmonic components in the beat 
envelope : 
Fractional second harmonic com- 
ponent compared to fundamental = 


(neglecting #* against ) 


Fractional third harmonic com- 
k? 
ponent = —————— 
8(1 + R*)? 


Notice that both these expressions 
tend steadily to zero as k ~ 0, so 
that an almost ‘ pure ”’ envelope is 
obtainable by mixing two waves with 
very large difference in amplitude. 
This result is of importance in con- 
nexion with the design of beat fre- 
quency oscillators. 


Owing to the restriction on the value 
of k imposed by the approximate ex- 
pansion (57) we cannot use the results 
to deduce the maximum amount of 
harmonic distortion present in the 
beat, which will obviously occur when 
k =1. However, it was shown in the 
June issue that when two sine waves 
of equal amplitude (k = 1) are com- 
pounded, the beat envelope is like a 
full wave rectified sine curve. The 
harmonic analysis of this curve is 
given in the table, Case 7, and shows 
that the second harmonic distortion is 
20 per cent., and the third harmonic 
distortion about 8.5 per cent., of the 
fundamental. These are therefore 
the maximum distortions which can 
arise. 


Fig. 7 illustrates a typical beat 
wave formed by the summation of the 
two terms 2cos6¢ and cos7t, together 
with the envelope which has been 
sketched in. Change of the relative 
phases of the two component waves 
merely moves the position of the 
resultant wave within the envelope, 
but has no effect on the envelope it- 
self. (Compare Photos 171 and 169.) 


Since the maximum value of 
cos(Sw)¢ is +1, and its minimum value 
—1, it follows fiom (56) that the en- 
velope amplitude fluctuates between 
the values A + B and A ~— B, as 
indicated. The position of mini- 
mum envelope amplitude will be 
termed the ‘‘ waist,’? and that of 
maximum envelope amplitude the 
‘* bulge.’”? The measurement of these 
two quantities immediately defines the 
component amplitudes A and B. 
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WAVE CYCLE 














Sy aid Envelope of aprox. sinusoidal form. 


Fig. 7. Beat wave formed by addition of 2cos6t and cos7t. 


Fig. 8. Beat wave formed by addition of sin5t and sinSjt t 
illustrating difference between cycle frequency and beat 


frequency. 


Determination of the Frequencies of 

the Two Components 

Suppose that to the wave 

f(t) = Asinot 
we add the wave 
f(t) = k.Asin(w + 8o)t 

Consider the resultant wave as 
k grows steadily from zero to some 
value many times unity. It has been 
shown that the beat frequency is de- 
fined by ¢ = 2.7/8 regardless of the 
wave amplitudes or phases, so that 
the growth of & has no effect on the 
beat period. .Now when k << 1 it is 
clear that the frequency of the waves 
in the beat must tend to /2.7, and 
when &>>1 they must tend to 
(@ + 8w)/2.7. It was also proved in 
the June issue that when & = 1, the 
frequency of the wave forming the 
beat is (w + Sw)/2.7, i.e., is the mean 
of the component waves. Hence, as 
k increases the frequency of the wave 
in the beat must increase continuously 
from @/2.7 to (w + 8w)2/.7. The pro- 
cess of frequency increase is well illus- 
trated in Photos Nos. 166 to 170, 
which show the, gradual appearance of 
an “ extra’? wave peak as the ampli- 
tude of the component of -higher fre- 
quency increases. 

Now consider the two groups of 
beat waves defined by: 

f(t) = Asinot + k.Asin(w + Se)t 
where k <<< 1 

f(t) = Asinot + k.Asin(w — 8w)¢ 

Both these systems have component 
frequencies tending to that of the 
component of major amplitude, i.e., 
a frequency tending to /2.7, and 
both will have the same beat fre- 
quency cf $w/2.7 (equal to the differ- 
ence of the component frequencies). 
Yet the frequency of the component 
of minor amplitude is in the first case 
greater, and in the second case less, 
than that of the major component. Is 
there any way of resolving the am- 





ifn BEAT CYCLE———} 























biguity and of determining from the 
resultant waveforms which system has 
the smaller amplitude component of 
higher frequency ? 

The following rule is given by 
Manley* in his book : 

(a) If the minor component is of 
higher frequency than the major, the 
distance between successive peaks at 
the bulge (Sg),.is Zess than the corres- 
ponding distance at the waist (Sw). 

(b) If the minor component is of 
lower frequency than the major, the 
distance between successive peaks at 
the bulge is greater than the corres- 
ponding distance at the waist. 

This interesting result is readily 
established for the special case where 
the beat wave is symmetrical about the 
bulge and the waist, as is the case in 
the example of Fig. 7. There would 
seem no reason to doubt the generality 
of the results for all phase angles be- 
tween the component waves. In this 
case the phrase “ distance’ between 
successive peaks ’’ would be _inter- 
preted as meaning the maximum or 
minimum distances in the region of 
the bulge or waist. 

Beat Waveform in Relation to 

Complex Wave Theory 

It is desirable to recognise the 
simple beat wave in the case where 
w/8w is integral, as a special case of a 
complex wave in which the only 
Fourier terms present are two adja- 
cent harmonics of fairly high order. 
If the two components have angular 
frequencies of » and w + Sw, then the 
adjacent components are of effective 
frequency o/5o and /5w + 1, where 
the complete wave period (and in this 
case also the beat period) is ¢ = 2.7. 
The case where / is non-integral 
is treated below. 

It is important to appreciate ‘that 
in a similar way several common 





* “ Waveform Analysis,”” Chapman and Hall. 
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types of complex wave may be con- 
sidered as belonging to a Fourier 
series in which the fundamental 
and/or early terms are of zero or 
negligible amplitude. Some simple 
examples of suppression of the funda- 
mental are shown in Photos Nos. 
154 to 165. A more complicated 
special case, of common occurrence in 
wireless, is that of the exponentially 
damped sinusoidal wave pulse, which 
is treated in a later section, 


Beats Formed by Waves in which w/§w 
is Non-integral 

A study of Equations (55) and (55a), 
June issue, shows that the period of 
the actual beat remains ¢ = 27/6o. 
This is otherwise apparent from 
Equation (56). Successive beat en- 
velopes, however, do not contain iden- 
tical waveforms. This is illustrated 
in Fig. 8, in which curve the com- 
ponents are sins¢ and sins3¢. In this 
particular case the complete wave 
cycle embraces two beat cycles. 

A little consideration will establish 
the following principle : 

‘The number of beat waves con- 
tained in one complete wave cycle is 
N, where AN is the smallest, integer 
which makes NV.w/5 integral.’ 

As a corollary we note that if o/5o 
is irrational, then no two beat enve- 
lopes in the resultant wave train are 
identical in content, and the wave 
period is infinite. 

Thinking along the lines indicated 
in the last section, it will be appre- 
ciated that a beat wave in which /5w 
is made integral by multiplication by 


N, belongs to a _ Fourier series 
containing only two components 
separated by WV — 1 terms. This con- 


ception is of practical value. For 
example, it tells us that to display 
the beat system indicated in Fig. 8 
we should combine the frequencies 
158 and 178. 
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In the case where /8w is irrational 
we cannot regard the complex wave 
as belonging to any Fourier series, 
as the wave period is infinite. 
Symmetry Theory and Beat Wave- 

forms 

The beat waves under consideration 
have for the most part been repre- 
sented by Equation (55), i.e. : 
f(t)=Asin(wt +¢)+ Bsin(w+8w).t (55) 

From this equation it follows im- 
mediately that provided only ¢ = 0, 
and regardless of the values of A and 
&, or whether o/do is integral, the 
resultant wave system must be skew 
symmetrical about the origin ¢ = 0, 
and therefore also skew symmetrical 
about the point of commencement of 
any wave cycle. The wave system 
will also be skew-symmetric about 
every waist in the case where /8w is 
integral. 

If, on the other hand, the beat is 
represented by the sum of two cosine 
terms as is the waveform: of Fig. 7, 
then the system ‘must possess normal 
symmetry about the origin. 


General Method of Harmonic Analysis 


It is proved in the standard texts 
that in Equation (45), i.e. : 


f(9) = 4a0 + 7 yaxcosk@ +. bx.sink@ (45) 


1 {27 
a = ~ fiieosteae shbleesgs (58) 
7 o 
1 {27 
bx = ~f f(@)sink@d@ aa (59) 
T+ oO 
: ae 
Go —f f(0)d0  ——~sasaesere (60) 
T+ oO 


These results permit the coefficients 
of the Fourier expansion of any given 
wave to be determined. If the curve 
is of arbitrary shape, such as might 
be obtained experimentally from some 
form of oscillograph, and such that 
its complete wave cycle cannot 
readily be divided into portions 
capable of analytic expression, then 
the approximate values of 


27 
i f(@) ©°S Rede 
oO sin 


may be obtained by measurements on 
a large number of equally spaced 
ordinates. On the other hand, many 
curves can be divided into portions, 
each capable of analytic expression, 


27 
and the value ot fro COS 2640 
oe 
throughout the complete cycle may 


then be found by summation of the 
separate contributions of each portion 
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of the cycle. Thus, 
if $(8), ¥(0) . 

u(@) represent the 
analytic expressions 
for portions of the 
complete cycle be- - 
tween o and, a, a 


and B A and 

2.0 respectively, 

then : 
27 a 

ft f(@) ©°S pode = f ¢(0) ©°S Rode + 
Ms sin c= 


The great majority of the results 
shown in the table on page 248 were 
obtained in this manner. 


The fullest use must always be 
made of the symmetry deductions as 
treated in the April issue. For 
example, if a wave is alternate as is 
the wave of Case g, then: 


7 27 
[tosinasa = f ieosinaea 
9) 7 


so that in this case 


2 [{'T 
bh = = fiesinaeas iesqertaee (59a) 
74 oOo 


which involves only half the working 
of the more general (59). Similarly, 
in an alternant wave the coefficients 
of _the cosine terms are given by: 


2 [7 
a = = fieycosteas “Serre (58a) 
T+ Oo 


In analysing a wave one naturally 
chooses the origin of co-ordinates in 
the manner necessary to make any 
symmetries (normal or skew) appear 
about such origin. If, for some special 
reason, the final result is required to 


refer to an origin in some other posi-. 


tion on the wave cycle, it is still 
advisable to compute the Fourier 
series with the origin placed in the 
best position so far as the symmetries 
are concerned, and to transform the 
final result by shift of reference axes. 


It will be seen from Equation (60) 
that a./2 is equal to the separation 
between the horizontal reference axis 
and the mean curve height. It may 
therefore be made zero by choice of 
horizontal axis so that the areas of the 
curve above and below this axis are 
equal. 
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Fig. 9(a). Damped sinusoidal pulse. 


B 
cos 
fro da hod@+.. 


27 cos 
+ fr ahip ORM cicicienksn seoeess (61) 
A 


Example of Harmonic Analysis— 

Damped Sinusoidal Oscillation. 

In illustration of these principles 
We now analyse into its Fourier com- 
ponents the damped sinusoidal oscil- 
lation illustrated in Photo. No. 88 
(January, 1945, issue). This curve 
belongs to the class capable of 
analytic expression—in this case over 
the whole of its cycle, so that it is 
unnecessary to use Result (61). 

The curve may be represented by 


f(9@) = exp.—a0.sinbé ......... (62) 
and is drawn to scale for the special 
case where A =1, @ = 0.733, and 


b=10 in Fig, g(a). The value 
a@ = 0.733 appears peculiar at first 
sight, but will be found to make the 
amplitude of the wave group fall to 
1/100 of its initial value in the 
interval 2.7. Only one cycle of the 
wave is drawn, but it is, of course, 
assumed that the complete wave train 
consists of an infinite number of such 
cycles since none of the principles, 
here treated is applicable to non- 
repetitive phenomenon, 

The wave possesses no form of 
symmetry, but is clearly approxi- 
mately balanced about the X axis, so 
that the areas of the curve on either 
side of this line are approximately 
equal, and in consequence the con- 
stant term a will be nearly zero. Its 
actual value is of no special interest. 

Substituting from (62) into (58) 
gives 


I 27 
a& = —f exp. —ad.sinbécosk6dé 
Tw4o 


Writing sinb@coské@ as the difference 
between two sine terms enables this 


equation to be expressed as_ the 
difference of two standard form 
integrals 


(Continued on page 250.) 











246 Electronic Engineering August, 1946 





Complex Waveforms with 





Asin n2 +—sin hei) A sin n29 + —sin io) Asin 20+ — Asin (20+) 























159 


A & 2 
Asin20 + — sin (30 +2) A sin29 + — sin (30 +n) A sin29 += Asin (30 + 7) 











160 162 


A A 2 
Asin 36 + ms sin («0-«s') Asin36@ + ry sin («0-«5') Asin 36 +—Asin (40-«r5") 
5 
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no Fundamental Component — 





163 


A 
Asin 30 +a 40 








164 165 


A 2 
WOES Y nee aiect inal iumeuaneed 








166 


Asin 66 











167 168 


2 3 
Asin 60+ —Asin(70 + «) Asin 60 +— Asin (70 +a) 








169 





Asin 60+ Asin (70+ 2 





170 171 


3 
RSE + — ee (70 + 2)) Asin 60 + A sin (76 + £) 
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Table: 


Expressions for 
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Complex Waveforms 
7 J Rectified 3 
, sine wave fle) = ZA <  —— aa 
r k=/ toa i 
y (full wave) 
fe) wv en 
nt ty S| Tip ot sine Nera Bary bin§ - Soos8) + 
LAS wave, duration in ke 
1! 2 S sin( van sin -/)§ 
970 me oon g a Y,) < k+/ 
ee oD 
- * aE ko 
9 * A 
— '| chopped $B + A(+-sind) off +7Asingfeone 
A ‘ 
_ sine wave 25 anes + ve _ sinl/-k 
4 2 BA 2(/-k 
_ n(/ + Jcos ke 
2\/+k) 
Differentiated 224 “ES, scales or (2k-/)sin(2k-/)e 
square wave +cos(2k-/) 
of unity where 7=2707,CR in which C & R are the 
mark-space | capacitance and resistance of the short 
ratio as (a) time-constant circuit involved. f=frequenc 
As (m),but TA,TA 
negative 10)=5,+— ra ate) PR) fre. sinkO-+cosi6} 
half-cycle where 7 is defined as in (m) above. 
suppressed 
Differentiated _2AT a aay ; 
square wave |/ >, (re 2 Theosk®-sinkG 
of unequal where 7 is defined as in (m) above. 
mark-space 
ratio as (c) 
NOTE that in (m),(n) and (0) the Fourier expansions hold only if the time 
constants are so short that the transients decay substantially to zero in 
the interval between the pulses. . 
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I 27 I 27 
a = —— J exp.—a@.sin(k + b)0d@ — —— J exp.—aé.sin(k — b)ed@ 
2.7% 0 2.7 oO 
whence 
I exp. —a@ 2.7 
a& = — ——}| ——————_jasin(k + 5)@ + (k + b)cos(k + 5)0 
2.7La* + (k + bY re) 
I exp. -- a | ) ]2.7 
+ —| —————__} asin(k — 5)@ + (k — b)cos(k — b)e+ 
2.7ha* + (k — by! Jo 
The general solution of this definite ated by utilising the  ‘‘ ringing ”’ 


integral is very cumbersome. How- 
ever, in the complex wave we are con- 
sidering, the result of inserting the 
upper limit of integration, 2.7, is to 
give negligible amplitude (1/100) of 
that at the commencement of the 
cycle. Thus, exp.—a.2.7 may be 
regarded as zero, and with this 
approximation, after some reduction 
there results : 
b(a’* + Bb — k’) 

m= ala + (k + bY} {ait (b—2} 
(63) 
By similar working, and again assum- 
ing that exp.—27a=0 we find 
by = -+- (64) 





2.b.k.a 
a{a' + (k + bY }{a* + (6 — by} 
(63) and (64) then define the relative 
amplitudes of the Fourier components, 
but it will be noted that they hold only 
when the damping is sufficiently high 
to cause the wave train to decay sub- 
stantially to zero in the interval be- 
tween the successive groups. They 
would not be a good approximation, 
for example, for the damped wave 
train shown in Photo. No. 8o. 
Fig. 9(b) shows the components of 
the wave of Fig. 9(a), as found by 
J use of (63) and (64). As would be 
expected, the major component of the 
Fourier series is a sine term of the 
same frequency as the contents of the 
damped envelope. The cosine terms 
appear to have a somewhat wider 
spectrum, and there are appreciable 
components in the range between half 
and twice the predominant frequency. 
Examination of (64) shows that pro- 
vided a << (b + k), then the fre- 
quency spectrum of the sine terms in- 
creases as a@ increases, i.e., as the 
damping increases. This is to be ex- 
pected. The same effect is respon- 
sible for the increased bandwidth of a 
parallel resonant circuit, as its damp- 
ing is increased, i.e., as its Q de- 
creases. 
Notes on the Production of some of 
the Waves shown in Table 


(1) Damped Sinusoidal Pulse. 
This may be conveniently gener- 





properties of a resonant circuit con- 
nected in the anode of a valve. The 
resonant circuit may be regarded as 
an inductance Z shunted by capacity 
C, and the losses in the circuit, which 
cause the damping, may be regarded 
as due to an equivalent resistance R 
in series with the inductance. Nor- 
mally, the valve is conducting, with 
standing current /, so that the energy 
stored in the inductance is 3Z./*. If 
the valve is suddenly cut off by 
means of a long negative pulse 
applied to its grid, it can be shown 
that provided the resistance RF is not 
too large, the resonant network will 
execute a damped sinusoidal oscilla- 
tion, as the initially stored energy in 
the inductance is periodically trans- 
ferred to the condenser and back 
again. The amplitude of these surges 
dies away as their energy is dissi- 
pated in the resistance. If the damp- 
ing is small, then the first maximum 
voltage peak developed across the 
condenser will be given by 42.7 


4 
= 4C.V? approx., so that V = 7 g= 
Cc 


An approximate expression for the 
condenser voltage after any time ¢ 
can be shown to be: 





2:2. VES 
provided that the damping is not 
excessive. (65) would be reasonably 
applicable to the wave of Fig. 9(a). 
It has, of course, precisely the same 
form as (62). 

(2) Tip of Sine Wave (Case k). 
This is conveniently generated by 
the biased-back valve method, in 
which a large negative standing bias 
is applied to the grid in series with 
a sine wave of comparable amplitude. 
The actual value of the negative 
grid bias is adjusted until the valve 
conducts only on the positive tip of 
the input sine wave. This arrange- 
ment will be recognised in more 
familiar guise as a Class C amplifier, 
The standing grid bias may be ob- 
tained either by grid rectification or 


Ta R I 
e = la/ — exp. .t sin ——.t (65): 
Cc 
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Sine Terms 


°% Amplitude 





I 
Order of Harmonic (k) 


Fig. 9(b). Frequency spectrum of 9(a). 
by separate battery. In the former 
method the grid is connected to the 
sine wave source via a condenser C, 
and to cathode via a resistance R. 
The product RC (time constant) is 
then made large compared to the 
cycle duration, so that on account of 
grid rectification the condenser C 
acquires a nearly constant negative 
potential approximately equal to the 
amplitude of the input signal. To 
obtain a sinusoidal wave tip of short 
duration in comparison with one 
half-cycle of the input sine wave, it 
is then necessary and sufficient that 
the input wave amplitude be many 
times the cut-off bias for the valve. 


(3) Chopped Sine Wave (Case 1). 
This is best obtained by applying 
to the grid of a valve a large input 
sine wave, but preventing the grid 
from becoming appreciably positive, 
even although the mean grid poten- 
tial is held nearly zero. This limiting 
may be done simply by insertion of a 
series resistance of large value be- 
tween the grid and the source, and 
so preventing positive grid voltages 
of appreciable magnitude by flow of 
grid current, or alternatively, and 
preferably, by suppression of the 
positive half-cycle, of the input wave 
with a diode. With a short grid-base 
valve and a large input signal, a 
reasonable approximation to a square 
wave may be thus obtained. 
(4) Exponential ‘‘ Spikes’ (Case m). 
These are produced by differentia- 
tion of a square wave by means of 
a short time constant resistance 
capacity series circuit. Spikes of 
only one sign (Case m) are obtained 
by suppression of the negative spike 
with a biased-back valve. (See Sept. 
issue, 1944.) 


References 


**Television Waveforms,” C.E. Lockhart, ELECTRONIC 
ENGINEERING, June, 1942. 

“‘ FourierSeriesand Transforms,” M.M.Levy, Journal 
Brit. I.R.E., May, 1946. 











Au 
gust 19 
, 1946 
E 
lectronic Engin 
xi 


aaa 














Trop! calise? 
pares pro “ Asst DENSE 
ca\lY geale? in Meta! Contal 
fi ed with snourded ermine ) 

















we 

wr naensere 

grove purpose” 

ywert can be Erol ‘ 

t. c. “CR NSDRAY 2 

Veondense A Mid-» 6,000 
p.c- working: List 

we ine \Sl- 












wks: 
al tie No- 


y Voltas 
. pc: 


ve 
price - 





IRTH 
ACTON 
* LON 
ae) 











xii Electronic Engineering August, 1946 




















132K.V. Bushing TypeC rrent Transformers 
| supplied to: The English Electric Co. Ltd. 
/ . STAFFORD 






: ates a RR ce, 


THE MICANITE & INSULATORS COMPANY LTD. 


Manufactured by 
EMPIRE WORKS, BLACKHORSE LANE, WALTHAMSTOW, LONDON, E.17 
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A Television Signal Generator 
By R. G. HIBBERD, B.Sc., A.M.I.E.E. © 


Part 3.—R.F. Circuits and Monitors 
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Bl Video 


Fig. 8. Vision R.F. unit circuit diagram. 
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Vision R.F. Unit : 

HIS unit contains the radio-fre- 
TT avencs circuits that produce the 

45 Mc/s. carrier wave, together 
with the modulated amplifier and its 
output circuit. The complete circuit 
diagram is shown in Fig. 8. At the 
outset of the design, careful considera- 
tion was given to the method of pro- 
ducing the carrier wave, and it was 
eventually decided to use a 7.5 Mc/s. 
quartz crystal master oscillator, with 
subsequent frequency multiplication to 
give the required 45 Mc/s. signal. 
After preliminary work on methods of 
modulation, it was decided to use a 
push-pull modulated amplifier stage 
with suppressor grid modulation. This 
method .gives a very low percentage 
of residual carrier and is very con- 
venient for video modulation input. 
Carrier Circuits 

The screen-grid cathode circuit of 

an SP41 pentode is used as the master 
crystal oscillator circuit, at a fre- 
quency of 7.5 Mc/s. The resulting 
oscillation is electron coupled to the 
anode where an intermediate circuit 
tuned to 22.5 Mc/s. accepts the third 
harmonic. The output from this 
circuit is capacitatively coupled to the 


“* BATH. Research Laboratory. 


next stage, where the frequency is 
doubled to give the final carrier at 
45 Mc/s. The coupling from the inter- 
mediate circuit is arranged to drive 
the doubler valve to pass a small grid 
current in order to distort the wave- 
form and accentuate the second har- 
monic content. The grid current also 
serves as an indication for tuning the 
22.5 Mc/s. circuit. The 45 Mc/s. out- 
put voltage appearing across the 
doubler valve anode circuit is varied 
by means of a negative voltage 
applied to the suppressor grid. The 
AC/SP1 valve was chosen for this 
stage on account of its suitable sup- 
pressor grid characteristic, cut off be- 
ing obtained with about — 12 volts. 
Modulated Amplifier 

The output from the doubler stage 
is link coupled to the push-pull modu- 
lated amplifier stage. Two AC/SPr 
valves are used, with the video modu- 
lation applied to the suppressor grids 
in parallel. The symmetry of the 
push-pull grid circuit is maintained 
by using a split stator tuning con- 
denser, with the rotor earthed. The 
valves are biased to operate under 
class B conditions. Since the final 
modulated carrier is developed across 
the anode circuit, the Q of ° this 


circuit must be chosen so that the re- 
quircd side-band transmission of 50 
per cent. power at + 2.5 Mc/s. is ob- 
tained. Accordingly, the circuit is 
damped with a 2,o00-ohm resistance. 
The output is matched into a 10-ohm 
load resistance, the frequency response 
of the complete anode circuit being 
shown in Fig.-9. It will be seen that 


at + 2.5 Mc/s. the voltage response 


is 76 per cent., which corresponds to 
a power response of 58 per cent. This 
is well within the specification of 50 
per cent. 

The two suppressor grids are modu- 
lated in parallel, the modulation 
characteristic being shown in Fig. 1o. 
A modulating voltage of approxi- 
mately 14 volts peak to peak is re- 
quired, with black level at —7.5 volts. 
The synchronising impulses are 
limited by the valve characteristic, 
and in order to obtain the correct ratio 
of 30 per cent. sync. to 70 per cent. 
vision in the output, the modulating 
signal must have approximately 50 
per cent. sync. to 50 per cent. vision. 
The residual carrier at the bottom of 
a synchronising impulse is about 2.5 
per cent. of peak white. 

The output signal developed across 
the 10-ohm resistance is fed to five 
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output sockets, each through a go-ohm 
series resistance. This series resis- 
tance serves both as a padding resis- 
tance in series with the 10-ohm to 
match the 100-ohm cable, and also as 
a buffer resistance to isolate the out- 
put sockets from each other. Each of 
the five output cables is 100 ft, long 
and terminates in a test box contain- 
ing an attenuator with six outputs, 
giving voltages of 10 mV, 3.2 mV, 
1 mV, 320 #V, 100 #V and 32 BV. 
These steps have been chosen to give 
a quick test of the D.c. restoration 
properties of the receiver under test. 
If the picture brightness is adjusted 
to give the correct black level for an 
input of say 1 mV, and the input is 
then reduced to 320 #V, the original 
black level will become the new white 
level, i.e., the picture should just be 
blacked out. 

In order to monitor the modulated 
R.F. signal, a single stage 45 Mc/s. 
amplifier is included to amplify the 
signal voltage appearing across the 
10-ohm. load resistance. This ampli- 
fier feeds a diode detector and a 
cathode follower output valve, for 
connexion to the monitor circuits, 
Sound Carrier 

In general, this unit is. very similar 
to the vision unit, the carrier fre- 
quency output being derived from a 
6.91 Mc/s. quartz crystal oscillator, 
with subsequent trebling and doubling 
up to 41.5 Mc/s. The modulated 
amplifier consists of a single AC/SP1 
valve, suppressor grid modulated. 
Internal sine wave modulation at 
approx. 30 per cent. level is provided 
from a 400 c/s. oscillator, and pro- 
vision is made for external modula- 
tion such as from an audio oscil- 
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The output signal is developed The reproduction of the monoscope 


across a 100-0hm resistance, which 
feeds a cable to the output of the 
vision unit. Here the signal is 
attenuated, and the output mixed with 
the vision signal. The sound signal 
R.F. output is monitored by means of 
a diode-pentode valve, detecting and 
amplifying the signal appearing 
across the 100-ohm resistance. The 
valve feeds a loudspeaker which may 
be switched on or off at will. 
Monitors 

In an equipment of this type, “it is 
most essential to have complete 
monitoring facilities available, both 
to maintain a constant check on the 
quality of the output, and also to 
assist in rapid location of any fault 
that may develop. Two monitors are 
provided, a picture monitor and a 
waveform monitor. 


pattern may be checked at several 
points in the equipment by means of 
the picture monitor. The unit has 
three separate sections. 

(1) The monitor cathode-ray tube 
with its supply circuit. 

(2) The scanning circuits. 

(3) A two-stage video amplifier to 
adjust the signal level to that 
required by the tube. 

The complete circuit diagram is 

shown in Fig. 11. 

A g-in. magnetically operated cath- 
ode-ray tube (CRMo1) is used, with an 
anode voltage of 6 kV. The cathode 
potential is obtained by means of a 
potentiometer across the 6 kV supply, 
and one side of the tube heater is con- 
nected directly to the cathode. The 
signal from the output of the video 
amplifier is coupled to the tube grid. 
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Magnetic focusing is used in con- 
ventional manner, a separate voltage 
supply being used for the focusing 
coil, with a variable series resistance 
for adjustment. The line and frame 
sweep voltages are obtained from the 
monoscope scanning generators, and 
are fed to the monitor scanning ampli- 


fiers and scanning coil system, which 


is exactly similar to that used with 
the monoscope, as described in Part 2 
of this series. The amplifiers use 
PEN 46 valves feeding a low im- 
pedance scanning coil system through 
step down matching transformers. 

The video amplifier consists of two 
stages, using SP41 valves with anode 
loads of 1,500 ohms and 2,000 ohms 
respectively. Series inductance com- 
pensation according to the relation 
iL =0.4CR* is included. Variable 
cathode degeneration in the first 
valve cathode circuit is used for gain 
control, and fixed cathode degenera- 
tion is used in the output stage to 
minimise distortion due to valve 
characteristic curvature, 

Waveform Monitor 

This monitor is provided as a means 
of checking the signal waveform at 
various points in the equipment, and 
also to facilitate the adjustment of the 
impulse generator circuits. It utilises 
a 5-in. electrostatic cathode-ray tube 
with a 2 kV anode supply. The hori- 
zontal time base is sinusoidal at 
50 c/s., a small voltage in quadrature 
being applied to the vertical plates to 
give an elliptic scan. The sweep 
voltage is obtained from the mains 
supply via a step-up transformer and 
is variable from zero up to 750 volts 
R.M.S. By this means the horizontal 
sweep amplitude may either be re- 
duced so that the whole ellipse is visi- 
ble, when a complete frame may be 
viewed, or increased so that the 
ellipse is expanded’ until a line inter- 
val may be viewed. 

It is hoped to include in this moni- 
tor means for viewing the actual 
modulated envelope of the 45 Mc/s. 
output signal by switching the vertical 
plates to a tuned circuit fed from the 
output of the modulated amplifier. 
Impulse Generator 

The impulse generator section of 
the equipment consists of three units— 
the impulse generating and mixing 
unit, the multivibrator locking unit, 
and the power supply unit. In this 
article it is not proposed to describe 
these units in detail, the following 
paragraphs will give a general out- 
line of their operation. 

The master oscillator operates’ at 
10,125 c/s. and feeds an amplifying 
stage which has two separate outputs. 
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The first output consists of pulses at 
10,125 cC/s., which, after shaping, 
form the line frequency synchronising 
impulses. The second output consists 
of pulses at double frequency, i.e., 
20,250 c/s., which, after further mix- 
ing and shaping, form the frame syn- 
chronising impulses. The frame im- 
pulse master stage is a multivibrator, 
producing impulses which control the 
number of frame impulses per com- 
plete framing signal, and also the 
rate at which the framing signals are 
repeated. These complete frame sig- 
nals are then mixed with the line 
signals to form the complete mixed 
synchronising signal, which is then 
finally squared. 

In order to lock the line and frame 
impulses together in the correct time 
relationship, the frame pulse master 
stage is controlled from the 20,250 c/s. 
pulse by means of two intermediate 
multivibrators. The first is syn- 
chronised at 1/gth of the above fre- 
quency at 2,250 c/s, and the second at 
1/9th of this frequency at 250 c/s. The 
250 c/s. output is used to synchronise 
the frame pulse master stage at 
50 c/s. Finally, the frame signal is 
locked to the 50 c/s. mains frequency 
by means of a phase comparator 
circuit. 


Conclusion 


This series has given an account of 
the experimental television signal 
generator as the design stood at the 
outbreak of war in September, 1939. 
Since the termination of hostilities the 
work has been recommenced, the de- 
sign of unfinished sections being con- 
tinued. It is intended to redesign 
various circuits to incorporate im- 
provements in circuit technique 
evolved during the war. 

In conclusion, the author wishes to 
thank the directors of the B.T.H. Co., 
Ltd., for permission to publish this 
work, and to acknowledge the help of 
Mr. T. H. Kinman, under whose 
direction the work was carried out, 
and Mr. D. J. Mynall, who collabor- 
ated with the initial planning of the 
equipment and who was responsible 
for the design of the impulse genera- 
tor section and the scanning circuits. 
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TELEVISION 
COMMENTARY 


Drama enthusiasts have had a gala 
month of twelve good plays. When 
the novelty of television has waned, 
will it be possible to maintain this 
high standard? Radio drama has set 
the precedent of two performances 
only. It is surprising if television 
casts, except when they are brought 
complete from the theatre, are con- 
tent to rehearse for this only. A sur- 
feit of even excellent entertainment is 
possible, and viewers, however en- 
thusiastic, would probably be satisfied 
with fewer plays and longer runs. 


“St. Joan’? came so superbly 
through the severe test that some 
viewers said boldly that it was better 
television than theatre. Some of the 
static scenes for which the stage seems 
too big, acquired a new intensity with- 
in the narrow limits of the screen, and 
with the added poignancy of close- 
ups of the maid and the chief charac- 
ters. There were, however, camera 
mistakes, as, for instance, when Joan 
first blundered onto the stage through 
two doors simultaneously. Fans have 
been known to claim this sort of 
picturesque defect as one of tele- 
vision’s assets which stress its authen- 
tic difference from the piecemeal pro- 
duction of films. Still, errors are »ot 
really improvements, 


Some of the most pleasing pictures 
have been of instrumental soloists; 
Sidonie Goossens’. harp recital was an 
exquisite performance, to mention 
only one, 


The Brains Trust, so familiar to the 
ear, made a welcome, though nervous, 
début. One hopes they will recover 
from their stage fright and appear 
again. For captivating” personality, 
I would give the month’s television 
prize to Edric Connor, the West 
Indian singer, who wins by simply 
being himself, in spite of the un- 
pleasant white flaring on the screen 
caused by his dark jacket. This 
again seems to be one of television’s 
inherent defects at present. 


Announcing is a_ straightforward 
job, but the struggle to make it into 
an act goes on. Announcers’ dolls 
and telephones and easy chairs, 
borrowed, it would seem, from recent 
American television pranks, do not 
help television to grow up. Why not 
sound announcing only, with an 
occasional appearance, until the teeth- 
ing period is over? 


JEAN BARTLETT. 
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Suggested Rules for Symbols in Valve Nomenclature 


The British Radio Valve Manufacturers’ Association has recently issued a set of suggested symbols which, it is 


proposed, shall be used in future technical literature issued by its members. 


Extracts from the rules are given 


below, and the Association invites comment on them 


venience of their production with 

standard printer’s type as well as 
on a typewriter has been borne in 
mind. 

With the exception of symbols for 
voltage and current the following 
general rules apply: 


I: choosing the symbols the con- 


(a) Symbols applying inside a valve 
should be denoted by subscript letters 
in small type. 

(b) Symbols applying outside a 
valve shall be denoted by subscript 
“apital letters. 

Values of voltage or current are 
denoted by capital letters except that 
instantaneous values shall be denoted 
by letter symbols in small type. 

When the subscript consists of two 
groups of symbols representing the 
terminal points between 
measurement is made, the two groups 
shall be separated by a _ hyphen, 
e.g., insulation resistance between 
anode and cathode = 7,-x. 

When two subscripts are used to 
qualify the same symbol, the second 
may be in brackets, e.g., 

R.M.S. voltage on an anode = Va(rms) 

In multiple valves the respective 


which a , 


Diode = d Hexode, Heptode 
Triode =t Octode, etc. =h 
Tetrode =gq Rectifier = 7 
Pentode = >) 

Two or more similar electrode 


systems can be distinguished by an 


- apostrophe or tick (’), one for the first 


clectrode system, two for the second 
electrode system, and so on. 

If more than one grid is present, 
forming part of the same section of 
the valve, the grids shall be distin- 
guished by adding a figure as a 
subscript, the figure showing the 
sequence of grids counting from the 
cathode. A similar convention applies 
to a sequence of anodes. 

Secondary emission electrodes shall 
be considered as cathodes; the pri- 
mary cathode is denoted by &, and 
the secondary cathodes by hs, hs, ete. 

Where necessary, the polarity of 
the filament may be indicated : 

eee ear ee 

Tappings on filaments or heaters 
shall be indicated by use of the 
suffix: ** tap’, €.2., Rrap- 

The following auxiliary subscripts 
may be used: 


Battery or other source ....... =b 

Inverse (voltage or current) = to 
Ignition (voltage) ................ = ign 
Extinction (voltage) ............ = ext 
Input 
NPRM Ses sa ceayo nec sin coset sipestass = ont 


Examples 
Voltage 4 
Anode voltage .............. ae 
Voltage on control grid = Vea 
Supply voltage for anode = Va») 
Filament voltage D.c. ... = 
Filament voltage A.C. 
(RMS) fansuseevodssdacseeee = Vetems) 
Power : 
Anode dissipation .............. = We 
Output power ...............00.. = Wout 
Grid 2 dissipation ............ = Wer 
Resistance : 
Internal. External. 
Anode resistance... = 7a Ra 
Insulation, heater 
to cathode ..: ... 
Capacitance : 
Capacitance (cold) 
anode to all other elec- 
TROON. 655505) span geibahsscese at oP 
anode to Grid 1 .......... = Caen 














electrodes may be distinguished by 
adding one of the following letters Symbols for Electric Quantities 
in small type as a subscript: The following symbols shall be employed: 
Direct voltage... = V¥ 
Alt. voltage R.M.S. = Vrms 
Electrode Symbols Alt. voltage mean = Vav 
Electrodes shall be denoted by the following symbols: Aoatienion ea a _ 
Anode... = a j Slope (mutual conductance)... ee See thn 
Cathode ... k Conversion conductance = gc 
Grid : ag Sensitivity es tube or  photo- -ells) on § 
Heater = h Distortion gee =D 
Filament ... = f Direct current ... = | 
Fluorescent screen or other target . = t Alt. current R.M.S. = lems 
External conducting coating Rea a Alt. current mean = lay 
Internal conducting coating — A.C. peak current = Ipk 
Deflector electrode ; = sory No signal current = Tp 
Internal shield = § Peak inv. voltage == P.LV. 
Examples of Electrode Terminology used for Inside Outside 
Basing Connexions, etc. 2 Valve Valve 
Full-wave rectifier = a’-a"-k-h-h Resistance r R 
Triode = a-f-f-g Reactance x Xx 
Triode pentode = k-gr-ar-h-h Impedance z Z 
= Zap * fo: " Sap ap Admittance y Y 
Double pentode = k’ - k’ -a”-g,’-g," - g’ - 8,” Mutual inductance nm M 
83 -8:"- _< h Capacitance... c S 
Double-diode Valve capacitance (working)... Cw — 
pentode = k-ag’-aq”-a-g,-g,-g,;-h-h Power ... : Ww WwW 
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“Ribbon Velocity” Microphones and Combined Types 


By S. W. AMOS, B.Sc.,* and F. C. BROOKER, A.M.1.E.E.* 


‘ Velocity Types in General 


HE elementary theory of 
é 4 ‘ribbon velocity '? microphones 
was discussed in Part II. Micro- 
phones operating on this, the differ- 
ential pressure principle, are used ex- 
tensively to-day in this country and 
the U.S.A. They are not quite so 
robust as moving-coil types and, being 
rather susceptible to the effects of 
winds or draughts, are not much used 
outdoors except for ‘‘ lip ’’ types. 
All ribbon velocity microphones are 
roughly of the shape shown in Fig. 1. 
They consist of a permanent magnet 
carrying soft iron pole pieces giving 
a parallel magnetic field in which the 
diaphragm (which takes the form of 
a thin aluminium ribbon) moves, T'he 
clamps of the ribbon have, of course, 
to be of non-magnetic material (brass 
is generally used) to prevent magnetic 
short-circuiting of the gap), and are 
electrically insulated from the pole 
pieces. For a microphone of the 
“ velocity ’’ type to operate satisfac- 
torily up to 9,000 c/s. (the R.C.A. 
ribbon type is an example of such an 
instrument) the dimensions of the pole 
pieces have to be such that the short- 
est path between the front and the 
back of the ribbon measured around 
the pole pieces is not greater than 
\/2 at this frequency. At 9,000 c/s. 
A/2 is equal approximately to 
0.75 in. so that the pole pieces 
need to be particularly small in 
cross-sectional area in order to 
give this desired value of 
difference. This may be achieved by 
making the pole pieces thin, and as 
they then become incapable of carry- 
ing the necessary flux, the flux is led 
to the pole pieces at various points by 
the auxiliary limbs visible in Fig. 1. 
Also, as explained in Part II, the 
mechanical resonant frequency of the 
ribbon has to be very low so that, over 
most of the audible range, the ribbon 
is mass-controlled. This is essential 
in order to secure a level frequency 
response. The ribbon is generally of 
very thin aluminium and usually has 
a resistance of the order of 0.1 ohm. 
This low output resistance makes it 
essential to use a step-up transformer 
immediately following the ribbon. 
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An early R.C.A. microphone. 


This is usually accommodated in the 
bottom of the microphone case and, 
in the B.B.C. model, steps the ribbon 
resistance up to 300 ohms. The ribbon 
is corrugated horizontally, the reason 
being, if the ribbon is thick (say 
0.0002 in.), to provide sufficient com- 
pliance to give a low resonant fre- 
quency. With thinner ribbons the 
natural compliance of the flat ribbon 
is itself sufficient and corrugations 
here are frequently employed to pre- 
vent the ribbon from curling up at the 
edges and so becoming rigid. The 
ribbon is so lightly tensioned that it 
is necessary to protect it from damage, 
or from being blown out of the mag- 
netic gap by draughts, by one or more 
screens lined with chiffon. It is the 
outermost of these screens which gives 
the ribbon microphones their charac- 
teristic appearance, 


In the model illustrated in Fig. 1, 
the overall width of the ribbon and 
the pole pieces is too small for pres- 
sure doubling effects to be trouble- 
some within the usual audio-frequency 
range. For the same reason there is 
no deterioration in relative high- 
frequency response as the source of 
sound is moved around the micro- 
phone; in other words, the shape of 
the polar diagram does not vary with 
frequency. ‘“‘ Top cut ”’ can, however, 


occur if sound waves strike the ribbon 
at a very oblique angle to its length 
and whenever such a microphone is 
slung high above an orchestra it is 
advisable to tilt it so that the sound 
waves strike the ribbon at approxi- 
mately normal incidence. Frequency 
distortion, this time in the form of 
bass emphasis, can also occur if the 
sound source is too close to the micro- 
phone for the reasons discussed in 
Part II. It has sometimes been 
claimed that this bass emphasis made 
crooning possible ! 

Since the ribbon is exposed to the 
sound waves back and front, the 
microphone is perfectly double-sided, 
and so performers may be positioned 
on both sides. This is particularly 
convenient in broadcast performances 
involving soloists and an orchestra, 
and also for intimate talks pro- 
grammes (such as Brains Trusts). It 
is fairly obvious that a ribbon micro- 
phone will be completely unrespon- 
sive to sounds arriving at go° inci- 
dence to the ribbon, i.e., along the 
line of the pole pieces. Even if the 
sound source is situated in the dead 
area, the minimum is masked indoors 
by reflexions at walls and floors, etc. 
It has already been pointed out that, 
as the angle of incidence of @sound 
is varied from 0° to go® in the hori- 
zontal plane, the output level falls, 
actually according to a cosine law, 
but the fall in level is approximately 
the same for all frequencies so that no 
frequency distortion occurs. This fact 
is used to good effect in drama pro- 
ductions : a performer in the “‘ dead ”’ 
area sounds a long way off even 
though he may be a few feet from the 
microphone, and a performer moving 
towards the dead area and speaking 
at a constant level gives the impres- 
sion that he is walking rapidly away. 
A cosine law, plotted in terms of polar 
co-ordinates and on a linear ampli- 
tude scale, gives a circle, so that the 
polar diagram illustrating the varia- 
tion of sensitivity of a ribbon micro- 
phone takes the familiar ‘‘ figure-of- 
eight ’”’ shape shown in Fig. 2. In 
this the output of the microphone for 
sound arriving at an angle of inci- 
dence @ is represented by the length 
of the vector OP. Maximum output 
occurs for normal incidence, repre- 
sented by vectors OA and OA’ and 








zero for angles of incidence of go°. 
Thus the difference in output level be- 
tween the output at @ and that at 0° 
is given by — 2ologywcos@ db. The 
curve of this function is given in 
Fig. 3. If we are prepared to accept 
a variation of + 2 db. in the output 
then it is possible to say that the out- 
put level of the microphone is sub- 
stantially uniform for angles of inci- 
dence between o° and 50°. Hence 
there is an arc subtending an angle 
of 100° on both sides of the micro- 
phone within which the performers 
may be placed, as shown in Fig. 4. 
This total 200° arc should be com- 
pared with the 60° arc available with 
the moving-coil microphone. 

In order that speakers or orchestras 
shall sound pleasing to the ear it is 
essential to preserve a certain ratio of 
direct to indirect (or reflected) sound 
in the pick-up of the microphone. The 
shape of the polar diagram of a micro- 
phone has an important bearing on 
this question. On account of the 
figure-of-eight shape of the polar dia- 
gram of a velocity microphone this 
type is less sensitive to indirect sound 
than an omnidirectional type. In 
fact, the response of a velocity micro- 
phone to indirect sound is only 
1/V3 that of an omnidirectional 
type. Hence the relative speaking 
distances for the two microphones to 
give the same ratio of direct to 
indirect sound are in the ratio of 
V3:1. One may use, therefore, a 
more g‘‘ distant technique’”’ with 
velocity microphones than with omni- 
directional types, and this, combined 
with the larger useful arc, makes 
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ribbon microphones far more flexible 
in use than other types. 


The B.B.C.-Marconi Microphone 


The appearance of this microphone 
is familiar to everyone for many 
photographs of it have been pub- 
lished. An exterior view headed 
Part I of this series. It was developed 
by the Research Department of the 
B.B.C. and is manufactured by 
Marconi’s Wireless Telegraph Com- 
pany. One important difference be- 
tween this and other types is that the 
B.B.C. type has large pole pieces, 
The distance around the pole pieces 
actually measures 13 in., which means 
that the velocity principle carries the 
response up to about 4,500 c/s. (for 
which A = 3in.). Above 4,500 c/s., 
due to the decreasing wavelengths, 
the output of the microphone falls off 
rather sharply. However, the cavi- 
ties formed by the ribbon and the 
chamfered pole pieces are broadly 
resonant over the range 4,500-9,000 
c/s., and their effects, together with 
the obstruction or diffraction effect due 
to the overall width of the ribbon and 
pole pieces, are such as to carry the 
response of the microphone up to 
9,000 c/s. Throughout this range the 
behaviour may be compared with 
that of two pressure microphones 
placed back to back. The ribbon is 
of aluminium 2} in. long, } in. wide, 
and the thickness was 0.0002 in. in 
early models but was later decreased 
to less than o.ooo1 in. in order 
to minimise certain resonance notice- 
able with the thicker ribbon. The 
ribbon is made resonant at a frequency 
below the lowest audible value, so 
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that it is mass-controlled throughout 
the audible frequency range. A ten- 
sioning device (visible under the 
lower clamp of the ribbon in Fig. 5) 
enables this adjustment to be carried 
out empirically. For finding the 
resonant frequency a direct-reading 
frequency-measuring bridge circuit 
was used in which the ribbon itself 
forms the ZC circuit of an oscillator, 
but the ribbon is so slack in the later 
models that no resonant frequency is 
measurable. A_ typical frequency 
response of a ribbon microphone is 
given in Fig. 6. The slight fall 
at 9,000 c/s. may be corrected by fre- 
quency discriminating networks in 
the A.F. amplifier immediately follow- 
ing the microphone. 

{In the B.B.C, model the leads from 
top and bottom are arranged as shown 
in Fig. 5. There are two leads from 
the top, arranged symmetrically at 
back and front of the ribbon and 
joined together again at the bottom. 
This arrangement is adopted to mini- 
mise noise pick-up from magneétic 
fields which is frequently a nulsance 
with ribbon microphones. The two 
wires, together with the ribbon, form 
two ‘‘ loops ”’ in the same plane; any 
E.M.F. induced in one loop will be 
cancelled out by the pick-up in the 
other. These wires are adjusted 
empirically during initial tests on the 
microphone, and as much as 30 db. 
reduction in magnetic pick-up has 
been achieved in comparison with the 
earlier models. 

Another interesting feature is that 
the metal cover, which contains the 
matching transformer, is coated on the 
inside with a vibration deadening 





Fig. 2. Polar diagram of an ideal ribbon velocity 
microphone. - 














Fig. 4 (below). a showing directional 
nature of ribbon microphone. 

Fig. 5 (right). Construction of B.B.C.-Marconi 

: ribbon microphone. 
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compound to prevent ringing, The 
sensitivity of the earlier type of 
B.B.C. microphone, with a cobalt- 
steel magnet of flux density 1,600 
gauss, was —76 db., but a modified 
version, using a Ticonal magnet with 
approximately twice the useful flux 
density, gives an approximate 6 db. 
improvement on this figure. 
The B.B.C.-Marceni ‘Lip’? Ribbon 
Microphone 


For the purpose of making running 
commentaries, where an unusually 
large amount of background noise is 
likely to be encountered, it is useful 
to have a microphone which can be 
used at very close range. Originally, 
moving-coil microphones were used, 
but the special properties of the ribbon 
velocity microphones have been put 
to good account in the design of the 
*‘ lip ’’ microphone. 

From our considerations of spheri- 
cal waves, we know that the low fre- 
quency response is increased consider- 
ably at short distances from a small 
sound source. This amounts to 20 db. 
rise at 100 c/s. for a radius of 2} in. 
Since this increased output can 
then be attenuated electrically or 
acoustically, it follows that the 
response to interfering sound will 
similarly be reduced. Although only 
the low-frequency components of the 
interference are removed in this way, 
it is found that this eliminates much 
of the loudness in the interfering 
sounds met in outside broadcast work. 

The construction of the microphone 
is illustrated by Fig. 7, where it will 
be seen that it has a very small ribbon 
(actually 1 in. x o.1 in.) situated in 
the gap of a correspondingly small 
horse-shoe magnet. The microphone 
assembly is slung in a cradle of 8 
springs (to prevent jarring noises 
when the microphone is handled) and 
enclosed in a perforated metal case 
lined with gauze. An unusual feature 
is that the body of the magnet is 
situated between the mouth and the 
ribbon, This screens the ribbon from 
direct draughts from the speaker’s 
mouth, which would give rise to un- 
pleasant ‘‘ bumps ”’ on transmission. 
It tends, also, to give a top-cut due 
to the shorter waves being reflected 
at the surface of the magnet and so 
not reaching the ribbon, but this is 
not really objectionable as it occurs 
above 6,000.c/s. and has a negligible 
effect upon _ speech. A small 
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Fig. 3. Graph illustrating directivity of ideal velocity microphone. 
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Fig. 6. Typical response curve for a ribbon velocity microphone. 


Fig. 7. B.B.C.-Marconi “‘ Lip” ribbon microphone. Comp t bled 
—By courtesy of B.B,C. 
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Fig. 8. Mlustrating addition of polar diagrams of “ pressure ’’ and “ velocity ” microph 
to give a cardioid characteristic. 


speaking distance is maintained by 
the use of a guard ring which is held 
against the mouth. Low-frequency 
correction is carried out partly by 
acoustical and partly by electrical 
means. The former correction is done 
by the provision of a close-mesh silk 
screen in front of each ribbon face. 
This has the effect of adding a series 
acoustical sesistance to the mass- 
controlled ribbon motion, and so 
reduces the plane-wave response at 
low frequencies. While it would be 
possible to carry out all the low- 
frequency correction in this way, it 
was thought desirable to effect part 
of it by an electrical network, made 
variable to accommodate variations in 
the timbre of the speaker’s voice. (He 
is quite likely to go falsetto during 
an exciting commentary !) - 

Owing to the usual low impedance 
of the ribbon, a matching transformer 
must be used close to the microphone, 
and in this case is made especially 
small so as to fit in the handle. The 
sensitivity of the microphone, plus 
equaliser, is —91 db., compared with 
1 volt per dyne/sq. cm. at 300 ohms 
impedance, but the actual output 
under operating conditions is con- 
siderably greater owing to the close 
proximity of the ribbon to the 
speaker’s mouth. 


Combined “ Pressure”’ and ‘ Velo- 

city ”’ Types 

We have seen that “ pressure ”’ 
and ‘ velocity’? microphones have 
quite different directional charac- 
teristics, and it is not surprising that 
attempts have been made to combine 
the two types in order to produce 
special directional qualities. To 
explain the principle, consider two 
entirely separate microphones placed 
at the same point, one of the “ pres- 
sure ’’ type and the other “ velocity ” 


operated. The polar diagram for the 
pressure microphone, as shown at 
Fig. 8(a), will be circular, whereas 
that of the ribbon ‘‘ velocity ’’ micro- 
phone has the figure-of-eight shape 
(Fig. 8(b)). Now we can add these 
polar diagrams arithmetically, pro- 
vided due attention is paid to sign. 
The result of adding the polar dia- 
grams, taking the above remark into 
consideration, is to give a diagram 
of cardioid shape as shown in Fig. 8(c) 
(provided that the maximum of the 
figure-of-eight diagram equals that of 
the circle), obviously a very useful 
shape since it represents a one-sided 
microphone with ‘a very wide useful 
angle. The shape will, however, vary 
with frequency somewhat, since the 
‘* pressure ”’ curve of Fig. 8(a) varies 


Fig. 9. One method of achieving a cardioid 
polar diagram. 
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with frequency as shown in Part III. 
Although two separate microphones 
connected in series externally may be 
used to give a cardioid polar diagram, 
various designs have been produced 
which combine the two types in one 
case. The. ribbon microphone of 
Fig. 9 is an example of such a type. 
In this the ribbon is supported at its 
middle point, one half being closed 
in at the back so as to make it pres- 
sure operated. To obtain a flat fre- 
quency response it is necessary to 
ensure that the velocity of this 
‘* pressure ’’ ribbon shall be in phase 
with the pressure component of the 
wave. From the following expression 
for the phase angle by which the 
velocity of the ribbon lags behind the 
instantaneous pressure of the sound 
wave, derived from the differential 
equations of Part I: 

s 

mo — —~ 

® 

tan? = 
r 


it is clear that r must be very large 
to make @ approach zero. The 


acoustic overall impedance of the’ 


ribbon together with the acoustic cir- 
cuit behind it must be predominantly 
resistive in nature and the resistance 
must be large enough to swamp out 
the mass reactance of the ribbon. In 
Part I it was explained that any de- 
sired ratio of reactance to resistance 
in an acoustic element could be ob- 
tained by the choice of suitable dimen- 
sions. Here the resistance is made 
great by using a long pipe lagged 
internally. To conserve space the 
tube is coiled up so as to form a 
labyrinth. 

Other mixed types of microphone 
employ a moving-coil or crystal move- 
ment for the ‘‘ pressure ’’ type and 
a ribbon for the ‘ velocity’ type, 
both included in one case. Suitable 
matching must be introduced before 
the outputs are added together— 
usually by connecting them in series. 

In conclusion, the authors wish to 
express their thanks to the engineer- 


‘ing division of the B.B.C. for their 


permission to publish photographs 
and data concerning their micro- 
phones, and, in particular, to Mr. 
D. E. L. Shorter, of the B.B.C. re- 
search department, who kindly 
checked the accuracy of this manu- 
script and offered many valuable sug- 
gestions. Thanks are also due to 
Marconi’s Wireless Telegraph Com- 
pany, Standard Telephones and 
Cables, and Rothermel -Brush for 
information and photographs. 
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Clearance between Nut and Screw 


Prior to Plating 
By JOHN BRADSHAW* 


Introduction 

HE dimensions of screw threads 
FM eeior plating or the applica- 

tion of a protective coat of 
thickness 7 are laid down in 
B.S.84.1940 for Whitworth threads 
and B.S.1095.1942 for metric threads. 
The values quoted tor Whitworth 


threads are — 0.001 in. below the 
specified lower limit, for external 
screw. threads, and + 0.001 in. 


above the specified upper limit for 
internal threads. This, as will be seen 
later, permits a coat of 0.00023 in. 
maximum per surface on mating 
parts, It is obvious from the above 
statement that when heavy protective 
coats are required, as instanced in 
tropical protection, plus and minus 
0.001 in. on mating parts does not 
constitute sufficient clearance for 
mating without interference, and 
unless care and forethought are exer- 
cised in allocating additional clear- 
ance, the immediate assumption is to 
make the clearance four times the 
required plating thickness. This is, 
however, an erroneous assumption, 
as will be shown. 

Conventions Used 

Diameters are measured normal to 
the axis. 

Thickness of plating or protective 
coating is measured normal to the 
surface. 

Reference to diameters implies 
nominal diameters and takes no ac- 
count of manufacturing tolerances. 

When allocating clearance to per- 
mit plating, the internal screwed 
member will be produced to conform 
with standard nominal dimensions, 
i.e., standard taps. 

Fundamental Considerations 

Consider the fundamental thread 
form shown in Fig. 1. 

If 7 represents the desired 
thickness of plating normal to the 
surface, then 7; will increase to D, 
and D; to Dy. That is, Ds increases 
by 27. But JD; increases by some- 
thing greater (see Fig. 2¥. ee 

ET =T/sin¢g. Therefpre D,~ in- 
creases to D2 by a factor 27 /sin¢. 

It follows, therefore, that for ex- 
ternal threaded screws the major and 
core diameters will, after plating, 
increase by 27, while any diameter 
measured in relation to the flanks 
(t.e., the ‘‘ effective diameter ’’) will, 


* Ferranti, Ltd. OR SEH a ae ss 





Symbols Used 


A;, Ay Axis of screw or nut 

D, Effective diameter before plating 

D, Effective diameter after plating 

D,; Major diameter before plating 

D, Major diameter after plating 

ET Effective thickness of plating 

M_ Normal to screw axis 

N Normal to thread flank 

O Apex of thread 

P,, P, Crests of adjacent threads 

T Thickness of plating or protective 
coat, measured normal to the surface 

6 Thread angle 








@ Flank angle 





after plating, increase by 277/sin¢. 
Conversely, for internal threaded 
screws, the major and core diameters 
will decrease by 27 after plating, 
while any diameter measured in rela- 
tion to the flanks (i.e., the ‘‘ effective 
diameter ’’) will, after plating, de- 
crease by 27/sin¢. It is evident that 
clearance to permit plating must be 
calculated, not in terms of 27, but 
in terms of 27/sin¢é. When the 
mating parts are both plated the re- 
quired clearance is of the magnitude 
47/sin¢. But when only one of the 
mating parts are plated and the other 
left clean, the clearance is of the 
magnitude 277/sin¢. 
Application to Production : 
1. Both Members are to be Plated 

In as far as it is practicable, the 
internal screwed member should be 
produced to the nominal dimensions 
laid down in the relevant specifica- 
tion, before plating. After plating, 
these dimensions will be reduced by 
2T/sin¢. The external threaded 
member will have its nominal dimen- 
sions reduced by 47/sin¢ before plat- 
ing. After plating these dimensions 
will have increased by 277/sin¢. 


Fig. | (below). Fig. 2 (right). 
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Only One Member to be Plated 

(a) External member plated. 
Internal member unplated. 
Finish internal screw to standard 
dimensions. 

Reduce external screw diameters 
by 27/sin¢ before plating. 

(b) External member unplated. 
Internal member plated. 

Finish internal screw to standard 
dimensions and plate it. 

Produce external screw’ with 
diameters reduced by 277/sin¢. 

Some Mnemonics 

Whitworth threads.—For every 
0.0001 in, thickness of plating to be 
applied, the external screwed mem- 
ber must have its standard nominal 
dimensions reduced by 0.00086 in. for 
conditions laid down above. 

B.A. threads.—F or every 0.0001 in. 
thickness of plating to be applied, 
the external screwed member must 
have its standard nominal dimensions 
reduced by 0.00098 in. for conditions 
laid down in above. 

In general, it would be sufficiently 


correct to state o.ooo1 .in. plating 
represents 0.001 in. reduction in dia- 
meter. 


Table of reducing values for various 
thicknesses of plating 


























Both Members One Member 
Plated Plated 
Reduce external Reduce external 
Units member by member by 
"Tl wal. Pat 
in. it- it- | 
worth | B.A. worth B.A. 
| 0.00086 | 0.00098 | 0.00043 | 0.00049 
2 0.00172 | 0.00196 | 0.00086 | 0.00098 
3 0.00258 | 0.00294 | 0.00129 | 0.00147 
4 0.00344 | 0.00392 | 0.00172 | 0.00196 
5 0.00430 | 0.004' 0.00215 | 0.00245 
6 0.00516 | 0.00588 .0025: 0.00294 
7 0.00602 | 0.00686 | 0.0030! | 0.00343 
8 0,00688 | 0.00784 | 0.00344 | 0.00392 
9 0.00774 | 0.00882 | 0.00387 | 0.0044! 
10 0.00860 | 0. 0.00430 | 0.00490 
a 0.00946 | 0.01078 | 0.00473 | 0.00539 
12 0.01032 | 0.01176 | 0.00516 | 0.00588 
13 0.01118 | 0.01274 | 0.00559 | 0.00637 
14 0.01204 | 0.01372 | 0.00602 | 0.00686 
15 0.01290 0.01470 ' 0.00645 ' 0.00735 
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BOOK REVIEWS 








Electronics for Engineers 
Edited by John Markus and Vin Zeluff. 
(McGraw-Hill, 1945.) Price in Britain, 36s. 
390 pp. Many figures. Reference articles, 
charts and graphs from Electronics magazine. 

S the editors of this book say, 
Ay magazines are not 

exactly convenient for reference 
when accumulated for a few years, nor 
are photostat facilities always avail- 
able to everybody who could use them, 
Consequently, this volume will be 
welcome as a selection of 142 articles 
and data sheets from Electronics 
which requests have proved to be in 
greatest demand. 

The years extracted are 1935-1944, 
with almost a third of the material 
from 1944 issues, a sixth from 1943, 
one article only from 1935 and a 
practically even distribution over the 
remaining years. The papers have 
been checked, condensed and retitled 
where necessary, uniformly styled for 
book presentation and arranged in 
27 chapters which embrace a wide 
scope, 

The subject-matter may be divided 
into two parts, namely general and 
special topics. Considering generali- 
ties, physical design of components 
covers permanent magnets, round- 
edge capacitors, self- and mutual- 
inductors and transformers for A.F. 
and R.F. (13 articles). The greater 
part of the book may be said to ease 
network design (67 articles), including 
vector conversions; 24erminal net- 
works, covering impedance generally, 
resistance combinations, capacitance 
at V.H.F., skin effect, various RC cir- 
cuits, power factor, LC tuned circuits 
and rectifier circuits; 4-terminal net- 
works, covering general performance, 
matching at A.F. and R.F., equalisers, 
filters (general, smoothing, low- high- 


and band-pass), transmission lines 
(general, parallel, concentric and 
waveguide). One or two special 


aspects of pliotron tubes include a- 


factor estimation, filament  resist- 
ance characteristics, secondary ra- 
diation, open-grid working and 


performance of standard tubes on 28- 
volt (aircraft) supply. C.R.T. photo- 
graphy and gas-tube grid control are 
investigated. Amplifier data cover 
D.C., A.F., R.F. power, V.F. and wide- 
band and A.C.-powered types, with 
a note on noise in the parallel RC 
circuit. Design of the single-tube 
phase-shift oscillator is simplified. 


It should not be assumed that the 
actual organisation of this book is as 
given above. Unfortunately, the 
chapters seem to have been over- 
hastily chosen and arranged, and an 
alphabetical arrangement of chapter 
headings has been regrettably pre- 
ferred to a natural sequence. Filters, 
for instance, appear under no less than 
five headings, as also matching. In 
at least one instance the retitling is 
not happy, as a valuable article by 
Schwarzmann on A.C.-powered ampli- 
fiers has been strangely _ retitled 
‘Design of Electronic Control Cir- 
cuits ’’ and classified under ‘ Indus- 
trial Control.”” On the other hand, 
the article by Mittelmann entitled 
‘Design Chart for R-F Heat Treat- 
ment Generators’ gives no idea of 
its subject and could be more usefully 
renamed ‘Electrode Conditions for 
Dielectric Heaters.”’ 


In view of the character of the work, 
it is a pity that it was not labelled 
‘Electronics Reference Book,’’ as 
this would have left the present title 
free for a further collection of appro- 
priate articles dealing with applied 
electronics generally. 


The faults mentioned do not seri- 
ously detract from the reference value 
of the book, but it is irritating to have 
to dive from one end to the other to 
find material on the same or cognate 
subjects. Apart from greater speed in 
becoming familiar with the contents 
(a necessary feature of all reference 
books), a logical sequence would show 
immediately the value of the material 
contained in any one section. This 
book will not replace any of the best 
handbooks, as its coverage is obviously 
patchy in places, but will rather be a 
valuable supplement, particularly in 
swift solution of practical problems, 
made easy by the clear style for which 
Electronics is justly renowned. 





J. C. FInray. 

Books reviewed in_ this 

Journal can be _ obtained 
‘from 


H. K. LEWIS & Co. Ltd. 
136 Gower Street, W.C.| 


If not in stock, they will be obtained 
from the Publishers when available 











The Cathode-Ray Tube 
Handbook 


S. K. Lewer. 95 pp., 35 figs. (Sir I. Pitman 
& Sons, 6s. net.) 


What is a handbook? The O.E.D. 
says ‘‘ A small book or treatise, such 
as may be held in the: hand.”’ Mr. 
Lewer’s book certainly conforms to 
the definition, but the reviewer’s im- 
pression is that the word has come to 
connote more than a small book and 
rather implies a comprehensive book 
to hold when studying the apparatus 
and how it works. (Compare the 
*€ Morris Handbook.’’) 


Any readers who share this impres- 
sion will be disappointed if they ex- 
pect a complete guide to the tube and 
its circuits. 


Obviously, it cannot be done in y5 
pages, but what Mr. Lewer has done 
is to give an excellent survey of the 
basic principles of the tube leading to 
the complete oscillograph, with a 
surprising amount of interesting allied 
information. The book should go 
well with beginners who are taking 
an interest in television tubes as well 
as those who have only seen an 
oscillograph from the outside, 


eee 


Radio-Communications 


W. T. Perkins and R. W. Barton. (Geo. 
Newnes, Ltd., 12s. 6d. net.) 312 pp. with 184 
illustrations. 


The authors have attempted, by a 
series of questions and answers, to 
cover the syllabuses of the City and 
Guilds of London Institute examina- 
tions in radio communications, 
Grades 1, 2 and 3. Such a book, if 
used in the right way, should prove 
of considerable value to all who 
enter for these or similar examina- 
tions, 

Although the arrangement is good 
and the presentation attractive, it is 
doubtful if the present edition can 
claim to reach the standard of work 
it sets out to cover. 

Chapter 1 includes the syllabuses 
of the above courses, and 17 pages 
of useful formule. 


Components are dealt with in 
‘Chapter 2 and valves in Chapter 3. 
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There are, however, a number of 
slips in these sections. 


The brief definition of a Class B 
amplifier on page 62 is mislead- 
ing. ‘The magnitude of the change 
of anode current may actually be 
greater than in a Class A ampli- 
fier. The polarity of the voltage 
shown across C4 in Fig. 50 is incor- 
rect, and Figs. 50 and 51 have been 
interchanged. Space prevents a de- 
tailed reference to the other errors 
which occur in these two chapters, 
but it is suggested, if a second edition 
is produced, that these be completely 
rewritten, 


Subsequent chapters have questions 
on receivers, transmitters, aerials, 
ship-shore radio, measuring instru- 
ments, and interference, and it is 
pleasing to note an improvement in 
the general level of these sections. 
The illustration of a cathode-ray tube 
in Fig. 138 could have been better 
chosen, and the authors appear con- 
fused about its construction. 


The forty-four pages of Chapter 13 
are devoted to the description of 
twenty-two experiments, starting 
with valve characteristics and con- 
cluding with a method of measuring 
mutual inductance. The value of 
these will be determined largely by 
the availability of apparatus with 
which to carry them out. Eight tables 
and three nomograms, occupy the 
last section of this work, and are 
followed by a comprehensive index. 


It is felt that if a little more care 
had been given to the preparation of 
the material and the elimination of 
inaccuracies, this book would have 
served a useful purpose and become 
a valuable addition to the library of 
any student. 

C. N. YATES. 


The “Trader ’’ Year Book, 1946 


he Trader Publishing Co., Dorset House, 
tamford Street, S.E., 10s. 6d.) 


This is the seventeenth edition of 
the well-known Year Book for the 
radio and electrical trades, and 
although it still has an austerity 
cover, the contents are as useful as 
ever, They are: Legal Section for 
Radio Dealers, Trade Addresses, 
Wholesalers’ Directory, and Classi- 
fied Buyers’ Guide. There are also 
lists of trade names, trade associa- 
tions, and radio data. Subscribers to 
The Wireless and Electrical Trader 
can obtain copies at a reduced price. 
The book is essential to all starting 
their own radio business, 
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A Six-Channel Electronic 
Recorder : 
(Continued from page 235.) 
The sequence of events following 


the depressing of the master record- 
ing switch will now be outlined: 


(1) Shutter opened. 


(2) Six cathode-ray tube beams 


switched on and calibration signal }. 


applied to amplifiers. Time trace 


lamp switched on. 


(3) Calibration signal switched off 
and measurement signal switched on. 
Record number and Time Trace fre- 
quency number lamp flashed on. 


(4) Cathode-ray tube 
switched off. Time trace 
switched off and shutter closed. 


beams 
lamp 


Operation 4 is controlled by_ the 
footage control indicator, which de- 
termines the length of record taken. 


The development of this six- 
channel electronic recorder follows 
the development of three-channel and 
four-channel electronic _ recorders 
which have been designed to fulfil 
other test and measurement require- 
ments specified by the Royal Aircraft 
Establishment. The present-day de- 
mand for electronic equipment, such 
as these multi-channel electronic 
recorders for use in various industries, 
is inspired by the many advantages 
to be gained over the less flexible 
mechanical equipment previously 
used. For example, as compared 
with earlier mechanical equipment it 
has the advantage of a very much 
higher frequency response with 
greater sensitivity that is easier to 
control, and the advantage that small 
pick-up. devices can be used situated 
immediately at the site of investiga- 
tion while having electrical indica- 
tion at a remote point. Multi- 
channel electronic recording, further- 
more, enables phasing of a number of 
effects, allowing quicker operation to 
be obtained. This demand for elec- 
tronic recording equipment illustrates 
the ever-growing importance of elec- 
tronic test and measuring equipment 
in industry and particularly shows 
the importance of applied electronics, 
as exemplified‘ in these electronic 
recorders, in the field of aeronautical 
research. 





261 

















Liquid 
Silver 


Platinum & Gold 
Solutions 


For Metallising 
Mica Ceramic 
Quartz etc. 


Low Melting 
Point Solder and 
Non - Corrosive 


HY A.LD,. 
TRADING EsTATE Liquid Flux,,Crovea 
SLOUGH, BUCKS. *Phone: Slough 20992 


Agents for Australia : 


A. S. HARRISON & CO. PTY. LTD. 
85 CLARENCE STREET, SYDNEY 


THESE ARE IN STOCK 


ELECTRONICS LABORATORY MANUAL, 
by Ralph R. Wright, 6s. postage 4d. 

FREQUENCY MODULATION, by K. R. 
Sturley, 2s. 6d. postage 2d. 

THE CATHODE RAY OSCILLOGRAPH IN 
INDUSTRY, by W. Wilson, 18s. postage 6d. 


SHORT WAVE WIRELESS COMMUNICA- 
TION, by Ladner & Stoner, 35s. postage 6d. 


HIGH VACUUM TECHNIQUE, by J. Yar- 
wood, 12s. 6d. postage 4d. 


THE TECHNIQUE OF RADIO DESIGN, by 
E. E. Zepler, 2ls. postage 6d. 

PROBLEMS IN RADIO ENGINEERING, by 
E. T. A. Rapson, 5s. postage 3d. 

THE SUPERHETERODYNE RECEIVER, by 
A. T. Witts, 6s. postage 4d. 

AN INTRODUCTION TO THE THEORY 
AND DESIGN OF ELECTRIC WAVE 
FILTERS, by F. Scowen, I5s. postage 4d. 

THERMIONIC VALVE CIRCUITS, by E. 
Williams, 12s. 6d. postage 4d. 

RADAR—RADIOLOCATION SIMPLY EX- 
PLAINED, by R. W. Hallows, 7s. 6d. postage 3d. 

ELECTRIC FILTERS, by T. H. Turney, 25s. 
postage 4d. 

ELECTRIC DISCHARGE LIGHTING, by F. G. 
Spreadbury, 15s. postage 4d. 

COMMUNICATION ENGINEERING, by 
W. L, Everitt, 30s. postage 6d. 








IPSWICH ROAD 











WE HAVE THE FINEST STOCK OF 
RADIO BOOKS IN THE COUNTRY. 


WRITE OR CALL FOR COMPLETE 


THE MODERN BOOK COMPANY 
(Dept. E.1) 19-23, Praed Street, London, W.2. 
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NOTES FROM THE INDUSTRY 


New Metal Detector 


The ‘‘Cintel” Metal Detector, 
manufactured by Cinema-Television, 
Limited, will locate accurately to 
within an inch or two 6-in. pipes and 
the like buried up to approximately 
2 ft. g in. below the surface of the 
ground, and will detect even small 
pieces of magnetic and non-magnetic 
metal embedded in timber or other- 
wise concealed to a depth of approxi- 
mately 9 in. The detector comprises 
three parts, the search head with 
handle, the amplifier box, complete 
with battery, and headphones. The 
indication of the presence of metal is 
given by a distinctive note in the 
headphones, The amplifier weighs 
64 lb., and is carried over the shoulder 
of the operator. In cases where it is 
required to trace pipes, cables, con- 
duits, etc., buried up to 30 ft. below 
the surface of the ground but exposed 
at any one point, the detector can be 
used in conjunction with an oscillator. 
Further information can be obtained 
from Cinema-Television, Ltd., Wors- 
ley Bridge Road, Lower Sydenham, 
London, S.E.26. 


Mercury Switches 
Salford Electrical Instruments, 
Ltd., manufacture a wide range of 
mercury switches including single 
pole switches, single pole changeover 


switches, types with ceramic liners for 
dealing with heavy currents, instan- 
taneous types, time lag patterns, 
switches suitable for wide angles of 
tilt, and multi-contact switches for 
mechanical or electrical operation. 
These: switches are filled with inert 
gas, and the ceramic liners are sealed 
in to prevent arcing taking place be- 
tween the ceramic and the glass. One 
small type of switch which was used 
during the war for controlling the 
level of gun platforms will operate 
with a tilt of only three minutes of 
arc. 
United Insulator Co., Ltd. 


This company, which recently 
moved to Oakcroft Road, Tolworth, 
Surbiton, Surrey (Telephone: Elm- 
bridge 5241), has issued a catalogue 
giving a complete description of their 
manufacturing programme. A price 
list for the trade is in preparation 
and will shortly be available. 


The Lexington Pickup 
Price Correction 

The price quoted in last month’s 
article on the Lexington Pickup gave 
it as £5 complete. This should have 
read £5 plus 25s. P.T. Sapphire 
needles are extra at 15s. 3d. tax in- 
cluded, and the transformer is 16s., 
or with mu-metal shield 30s. 2d. 


City & Guilds (Engineering) College 
New Head of Electrical Department 

Prof. Willis Jackson has recently 
been appointed to succeed Prof. C. L. 
Fortescue as head of the Electrical 
Engineering Department at the City 
& Guilds Engineering College (Im- 
perial College of Science and Tech- 
nology). He has occupied the chair of 
Electrotechnics at Manchester Uni- 
versity since 1938. 

Prof. Fortescue, who is retiring at 
the end of the session, has been at the 
College since 1922, and is well known 
for his work on _ radio-communica- 
tions. He was adviser to the 
Admiralty during the war of 1914. 

Prof. Willis Jackson is chairman- 
elect of the radio section, I.E.E., and 
was formerly at the Metropolitan- 
Vickers Electrical Co., Ltd., and with 
Dr. Moullin at Oxford. 

Change of Address 

R.F. Equipment, Ltd., recently 
moved. their works and offices to 
Langley Park, nr. Slough, Bucks. 
Telephone: Slough 22201. 

Nature Query 
I want to know 
Why fireflies glow. 
Do they carry tiny Exides 
Slung under their bexides ? 
BB: B: 
—London Opinion. 





Metal Coatings on Ceramics 
(Continued from page 242.) 


with an additional silver coating. 
The same method has been used 
for many years for silver-plating china 
tea and coffee pots. When simply 
covered. with a burnt-on | silver 
paint the metal coating is rubbed 
off after a few weeks by daily clean- 
ing and polishing, whereas china 
pots first copper- and then silver- 
plated can be cleaned and polished 
daily for many years without the 
silver coating being removed. 

Silver coatings lend themselves 
to subsequent soft-soldering either 
directly after being fired on to the 
ceramic, or after being reinforced by 
plating. _ The connexion is mechanic- 
ally sound and free of electric losses 
since there is no trapped air between 
ceramic and metal coating, provided 
that the silver painting is properly 
done. Soldering of metal parts to a 
silvered ceramic has the following 
advantages compared with cementing 
the metal parts to the ceramic: 

(1) The mechanical strength of a 
soldered connexion of metal to porce- 


lain is greater than the adhesion of 
cement to porcelain, 

\2) The elasticity of the thin metal 
coating compensates for any internal 
stresses set up by the difference in 
thermal expansion of metal and 
ceramic, 

(3) Dielectric losses which occur if 
the metal part is connected to the 
porcelain by cement are eliminated. 
If the space between the metal part 
and ceramic has to be. filled with 
cement, the cement layer can be short- 
circuited by a solder connexion be- 
tween the metal part and the ceramic 
silver layer. 

A completely air-tight solder joint 
can be made in this manner between 
a metal part and a ceramic part or 
between two silvered ceramic parts, 
or between a silvered glass part, a 
ceramic part and metal parts. This 
fact is of great importance in the 
manufacture of evacuated vessels 
either of metal or of glass into which 
wires or metal rods insulated and 
spaced by a ceramic are introduced. 

As mentioned previously the burnt- 
on metal codting, owing to its elas- 
ticity and thinness, compensates for 


mechanical stresses set up by the differ- 
ent thermal expansion of the ceramic 
and the metal. For instance, in the case 
of a ceramic rod covered with a thin 
burnt-on silver coating its thermal ex- 
pansion is solely determined. by the 
thermal expansion of the ceramic. 
Although the coefficient of thermal 
expansion of both silver and copper 
is much larger than that of porcelain 
or steatite the metal coating does not 
move away from the ceramic surface 
even under heavy temperature varia- 
tions. This refers only to. ceramic silver 
coatings where the flux, after firing, 
provides for the necessary adhesion. 
Of this fact use is made in the manu- 
facture of metallised ceramic coils. 
If the coil is made from a ceramic 
having a very small thermal expan- 
sion coefficient the dimensions of the 
coail and, consequently, its inductance 
change very little with varying 
temperatures. 

The photos of silvered ceramic 
parts for capacitors and coils pub- 
lished in this article have been placed 
at the author’s disposal by Messrs. 
Bullers, Ltd., whom he would like 
to thank for their courtesy, 
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‘ ACCURACY 
ee 








We doubt whether the champ could 
repeat this feat at will, but you 
can always rely upon undeviating 
accuracy in every batch of insulating 
'components machined or moulded 
from MYCALEX. 





Power ;Factor (at 1 Tensile Strength 5,800 
mc/sec. and over).002  (lbs./sq. in.) 
Permittivity .. 6.2 Water Absorp- 
Di-ElectricStrength fens as 
(volts/mil) .... .. 550 Plastic Yield .... 450°C 


-_~ 


*Phone: Cirencester 400 or send enquiries to . 
MYCALEX COMPANY LIMITED, ASHCROFT ROAD, CIRENCESTER, GLOS. 


MY14 








ELECTRONIC 
CONTROL 


a 
SUNVIC 


HIGH ACCURACY 


RESISTANCE THERMOMETER 
CONTROLLER —tests.tre 


TESTS, ETC. 





This is a purely electronic 
controller giving an output 
proportional to the deviation 
of the temperature from the 
desired value. It operates 
up to 800° C. with a platinum 
resistance - thermometer. 
Sensitivity one part in 5000. 
Primarily developed to con- 
trol the temperature of creep 





test specimens, the SUNVIC 
RESISTANCE THERMOM- 
ETER CONTROLLER is suit- 
able for high accuracy work 
within the range covered by 
platinum and nickel resist- 
ance thermometers. 

For details, please request 
technical publication 
RT 10/ 16. 


SUNVIC 
CONTROLS 
LTD. 


Stanhope House, 
Kean Street, 
London, W.C.2. 


TAS/SC 117 
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A Note 
on the 
Ardente 
Intercom: 


Systems 





HE Intercommunication systems (1) ‘f Duocall.”’ 
developed by the Ardente consisting of one Master and one 


Acoustical Laboratories, Ltd., Sub-Unit. 


are claimed to incorporate a _ con- (2) ‘* Selectacall,”’ 
siderable number of operational and ‘one Master and any number up to ten 


technical facilities not previously Sub-Units, 


obtainable in the systems marketed (3) ‘f Multicall.”’ 

by both American and British con- intercommunicating system, 

cerns in this country before the war. ing of from 3-30 Master Units. 
Four different systems are avail- (4) ‘* Mastercall.”’ 

able, which cover practically every system, consisting of up 

possible application or requirement: Intercommunicating Master 





A two-way system 


A completely 


A combination 
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each with its own ‘‘ Personal ’’ Sub- 
Units, from 1-7. 

The systems incorporate visual 
signals, so that, for instance, any 
sub-unit attempting to call the Master 
when it is already talking to another 
unit gets a definite indication by the 
illumination of its ‘‘ busy ’’ lamp. 
Also, the Master Unit has an indica- 
tion that someone else is trying to 
contact it by. the illumination of the 
‘call waiting ” lamp. 

Further features are that there is 
no hum when the Units are in a 
‘“* stand-by ”’ state, and there is com- 
plete silence on all units when no 
calls are being made, 

Both Masters and Sub-Units are 
contained in moulded _bakelite 
cabinets, the overall size being 12 in. 
long by 8 in. high by 5% in. deep. 
Black is the standard colour, but 
other colours can be provided at a 
slight additional cost. 

The same company have also pro- 
duced a complete set of sound equip- 
ment for Public Address and Inter- 
communications. The ‘‘Loud-Hailer”’ 
produced in large quantities for Ser- 
vice use is so well known that the 
compound word has become absorbed 
in the language. 


















A new, heavy-duty 
switch of robust con- 
struction suitable for 
muiti- circuit operations 
and capable of giving a long 
and trouble-free life. Can be built 
up into 1, 2, 3, 4 or §-cell units providing 
a large range of contact combinations. Send for 


folder giving full particulars. 


hance. 


MADE BY AUSTINLITE LTD. paoanet 
(PROPRIETORS: CHANCE BROTHERS LTD.) 
LIGHTHOUSE WORKS - SMETHWICK : BIRMINGHAM 





igh performance - Strength - Stability 
Close electrical and mechanical toleran- 
ces. Grades to suit various applications 
23 & 25, Hyde Way, Welwyn Garden City 
Tel.; Welwyn Garden 926 Herts. 
G e.2.1. 
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To provide a bearing surface between housing 


TH i S WAS TH E Pp Bg O & L E M and central shaft, allowing considerable 


angular movement. 








— solved by moulding in 


BAKELITE MATERIAL 


The shaft and the concave housing were moulded into a solid block, the space between 
the two being filled with a graphite-loaded BAKELITE material. Shrinkage of the material 
was so adjusted that the necessary clearance between the bearing surfaces was obtained 


on cooling. Expensive and time-wasting machining operations were eliminated. 


TREFOIL 


BAKELITE © PLASTICS 


REGD. TRADE MARKS 


Pioneers in the Plastics World 


SAKELITE LIMITED + [8 'GROSVENOR GARDENS «=F ONDON -: SW 





7.63 
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Partridge Hews 


INDIVIDUAL DESIGN 
The process of reverting to peace- 
time production continues and we 
are able to manufacture special 
transformers and chokes to your own 
specification in about 28 days. We 
would, however, draw your attention 
to the fact that many components 
can now be despatched per return 
(see last paragraph). 


TELEVISION COMPONENTS 
Once again we are able to wind 
specially insulated high voltage 
transformers and chokes for tele- 
vision purposes. These are wound 
only to order and hence are suitable 
for use in new designs or as replace- 
ments in existing sets. 


AVAILABLE STOCK 

A comprehensive range of mains and 
audio components is now available 
from stock and we can despatch small 
quantities of these by return. We 
would stress that before ordering 
you send for our list detailing these 
components. Our stock range now 
covers most normal requirements 
and by availing yourself of this service 
you will save the inevitable delay in 
theproductionofaspecialcomponent. 
We shall be pleased to send you our 
stock list upon receipt of your 
address. 


Telephone: Abbey 2244 
PARTRIDGE 
TRANSFORMERS LTD 


76-8, PETTY FRANCE. LONDON, S.W1. 

















PITMAN 


Radio Books 


THERMIONIC VALVE 
CIRCUITS 
By Emrys Williams 
The Second Edition of this popular textbook 
contains an original theorem on_ valve 
oscillators, and other additions, and can be 
recommended as a complete and up-to-date 
guide to theory and application. 12/6 net. 


The SUPERHETERODYNE 
RECEIVER 
By Alfred T. Witts, A.M.I.E.E. 
An outstanding book by an experienced 
practical man. Now in its Sixth Edition, it is 
a book that everyone interested in up-to-date 
receiver design and construction should 
possess. 6/- net. 
Order from the 


MODERN BOOK CO. (Dept. I.E.) 
23 Praed Street, London, W.2. 














HILL & CHURCHILL, 


Booksellers LTD. 
SWANAGE, DORSET 


ENGLISH & AMERICAN 
BOOKS IN STOCK ON 
RADIO AND 
TELECOMMUNICATION 


- 


Catalogue on Application 














THE POLYTECHNIC 
REGENT STREET 


SCHOOL OF ENGINEERING 





Head of School : 
PHILIP KEMP, M.Sc.Tech., M.I.E.E., A.I.Mech.E. 


RADIO ENGINEERING. A FULL-TIME DAY 
COURSE in telecommunications, extending over a 
period of three years, prepares students for the 
National Diploma and other examinations, and for 
the radio and telephone industries. 
The School reopens on September I7th, 1946. 
EVENING CLASSES in these subjects commence on 
September 23rd. (Enrolment : September 6th to 
18th, 6 to 8 p.m.) 
Prospectuses, giving full particulars of courses, 
fees, etc., may be obtained on application to the 
undersigned :— 

J. C. JONES, Director of Education. 
The Polytechnic, 309, Regent Street, London, W.1. 


DALY 


The ELECTROLYTIC 
Specialists 





We specialise and manufacture only 
ELECTROLYTICS 





DALY (CONDENSERS) LTD. 
West Lodge Works, The Green, Ealing, WS. 
Telephone : Ealing 4841 


eet FOR Bal * 











3,000,000 Books in stock. New and second-hand 
Books on Engineering and all other subjects. 
Books Bought 


119-125, Charing Cross Road, London, W.C.2 


Tel: GERrard 5660 (16 lines). Open 9-6 inc. Sat. 








NEW DUAL TESTOSCOPE 


ae } 


y 





Idea! for High 
a> and Low Voltage Test- 
me  Ing;1/30,100/850 A.C.and D.C. 


Send for interesting leaflet L24 on 


Electrical and Radio Testing, from all Dealers or direct. 


RUNBAKEN -‘MANCHESTER:/ 





RELIANCE 
POTENTIOMETERS 





TYPE T.W. 


Continuous Wire-Wound 
(as illustrated) 


Rating: 5 watts (linear) 
3 watts (graded) 
Ranges:  10-100,0000 linear Max 


100-50,000 2 graded ,, 
100-10,000 2 Non-inductive 


Characteristics : 
Linear, tapered, graded, log., semi-log., 
inverse log., non-inductive, etc. 


Write for full details to : 


RELIANCE 


Manufacturing Co. (Southwark) Ltd. 
Sutherland Road, Higham Hill, 
Walthamstow, E. 17 


Telephone 1 Larkswood 3245 











THE TRIX ELECTRICAL CO. LTD 


1-5 MAPLE PLACE- TOTTENHAM COURT ROAD LONDON, wt 


‘ELEPHONE . MUSEUM S8'? CRAMS ECABLES TRIXADIO.WES LONDON 
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oom ZS 
: _ i 
GREAT 
It’s hot—all the time! 
That’s because the 
heating element 
is housed inside the bit 
in the Solon Electric Sol- 
dering Iron. Soldering is 
easier; you get a neater, 
cleaner job in less time. All 
internal connections are 
housed at end of handle away 
from heat. A robust cord grip . ’ 
prevents sharp bending of the ; X 
flexible lead. Complete with éft. TELEVISED by the BKC using 
Henley 3-core flexible, Solon irons 
are made for the following standard 
voltages :—200/220, 230/250. 
ve . 
5 A complete range of “ TELCOTHENE” 
‘ MD pene ees fe EON insulated Cables * now available for use in 
Aeneid the radio and television fields. 
/q 125 watt TELCON designed H.F. Cables are the 
atandeee basis of world standards. 
/, cae per THE TELEGRAPH CONSTRUCTION 4 MAINTENANCE CO. LTD 
* Yovaitabie “soubeninG IRON eos Ox: 12 OLD Whig stseee eies ei a a a 
W. T. HENLEYS TELEGRAPH WORKS CO. LTD. Enquiries to: TELCON WORKS. GREENWICH. SE Tel: Gr 1040 
Eng. Dept., 51-53, Hatton Garden, London, E.C.I. 





VARIABLE AIR CONDENSER 


- e MOULDED : TYPE A—430 
Vi pyle RUBBER A component for building 
ee into your own measuring 
PARTS equipment or an instrument 








for use on the bench. 

Light, rigid construction, 
smooth, even control and small 
electrical losses are qualities 
which you will look for and 
find in these Condensers. 
They are available in alumin- 
ium boxes of MUNIT con- 
struction for bench use or with 
cylindrical metal covers for 
panel mounting. 


The Dainite Service, with 50 years’ 
experience of compounds and 
mouldings and an up-to-date 
plant, will quote for your 
particular requirements 

in Moulded Rubbers. 






THE HARBORO’ RUBBER (0., LID., 
MARKET HARBOROUGH, ENGLAND 


ca 





* 
* 
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. 
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BRAY CERAMIC INSULATORS 

for LF and HF Components also capacitor dielectrics SPECIFICATION 

CONSTRUCTION Aluminium throughout. 

CAPACITANCELAW ‘S.L.C. 

INSULATION Frequentite. 

BEARING Sprung ballraces and africtionpad. 

DRIVE Direct or 50:1 reduction. 

SCALE 4” dia. silvered. 

CAPACITANCES From 100 LLBF to 
1,000 (LAF. 


Bulletin B-236-E, giving full particulars of these 
instruments, will be supplied on request. 


“an —____—§ EERE 


fe] fo} BR AY & of om LTD. LEEDS. y | Muirbead & Company Ltd. Elmers End, Beckenham, Kent. Tel. Beckenham 0041-2. 
E<tablished 1863 Phone Leeds 2098! FOR OVER 60 YEARS DESIGNERS & MAKERS OF PRECISION INSTRUMENTS 
C.R.C, 33. 
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CLASSIFIED ANNOUNCEMENTS 


The charge for miscellaneous advertisements on this page is 12 words or less, 4/- and 4d. 


count as four words, 2g Any — 4 — 
oe Lane, 4, 


Hulton Press, Ltd., 4 





— to box numbers should | be address 
date: 15th of month for following issue. 


advertisement. 
ed as above, marked “‘ Elec. Engg.”’ 


for every additional word. Box numbers 


Cheques and P.O.’s payable to 


Press 





FOR SALE 


IN STOCK. Rectifiers, Accumulator Chargers, 
Rotary Converters, P.A. Amplifiers, Mikes, Mains 
Transformers, Speakers of most types, Test Meters, etc. 
Special Transformers quoted for.—University Radio, 
Ltd., 22, Lisle Street, London, W.C.2. GER. 4447. 


AS NEW —a Galvo Meter and a “ Walkie Talkie.” 
Both ex-Government. S.A.E. Dioptrical Vision 
Aerials, 17 Mill Hill, Deal, Kent. 


ALUMINIUM CHASSIS, panels, cabinets, sheet. 
Finished in colour, crackle or plain. S.A.E. Lists. 
Amateur Radio Service, G6HP, Canning Street, 
Burnley. 


RELAYS, RELAYS, RELAYS. Unrepeatable offer 
of new, boxed, Post Office type relays, Siemens 
make, at a fraction of cost’ price. Type A: coil 
500 ohms; contacts, 1 changeover, 1 make, 3s. each. 
Type B: coil 200 ohms, with slug, 1 changeover, 
1 break, 3s. each. Type C: coil 200 ohms with slug, 
1 changeover, 1 make, 3s. each. Type D: coil two 
independent windings, 500 and 1,000 ohms, 2 makes, 
2s. 6d. each. Type E: coils 500 and 1,000 ohms, 
2 makes, 1 changeover, 4s. each. Type F: coils o¥ 
and 1,000 ohms, 3 makes, 1 break, 4s. each. Type G 
thermal delay unit, 100 ohms, 1 changeover, 2s. each. 
Type H: special high sensitivity, coil 10,000 ohms, 
1 adjustable changeover, 6s. each. Send S.A.E. for 
descriptive leaflet. Minimum order, £1 post free. 
No C.0.D. Box 859, “ Elec. Engg.’ 


BEAUTIFULLY MOULDED solid oak radiogram 
cabinet for sale, size 29 in. by 18 in. by 48 in. high, 
provision for twin turntables, £15. Vitavox K12/r1o 
loudspeaker on oak pedestal baffle, area 25 in. by 30 in. 
by 1 in. thick, £15. Rothermel de-luxe pick-up and 
Simpson turntable, £5. Seen in Surrey. Write Box 
864, “ Elec. Engg.” 


LOUDSPEAKERS 
LOUDSPEAKERS—We carry on. Sinclair Speakers, 
12, Pembroke Street, N.r. 
LOUDSPEAKER repairs, 
make, moderate prices.—Sinclair 
Pembroke Street, N.1. 


British, American, any 
Speakers, 12, 


MISCELLANEOUS 


WE WILL BUY at your price used radios, amplifiers, 
converters, test meters, motors, pick-ups, speakers, 
etc., radio and electrical accessories. Write, phone or 
call, University Radio, Ltd., 22, Lisle Street, London, 
W.C.2. GER. 4447. 


WEBB’S Radio Map of the World enables you to 

locate any station heard. Size 40 in. by 30 in. 2-colour 

heavy Art poy 4/ oh set 6d. Limited supply on 

Linen, 10/6, bb’s Radio, 14, Soho Street, 
London, W.x1. Pe eean : GERrard 2089. 


MORSE Practice Equipment for Class-room or 
Individual Tuition. Keys, Audio Oscillators for both 
battery or main operation. Webb’s Radio, 14, Soho 
Street, London, W.1. *Phone: GERrard 2089. 


IT’S NO WONDER THE DEMAND IS 
PHENOMENAL—most of the things you've been 
waiting for are now available including “Q MAX” 
Chassis Cutters at 10/6 each ; “ Q MAX ” Full Vision 
Slow Motion Dial for individual calibration with 
escutcheon glass and knob at 15/6 each; Co-Axial 
plugs and sockets 2/3 each part; Twin feeder (70 
ohms) 9d. per yard; 3-Band Slow Motion Drives 
11/3 complete; Transmitting valves and racks; 
Modulation transformers; High-voltage split-stator 
Transmitting Condensers 60 pf. per section -each ; 
Precision Resistors; C.R. Transformers ; Steel 
Cabinets (19 by 10 by 9}$) with chassis, panels, handles 
and rubber feet 67/6; 12 by 7 by 7 45/-; Crystals, 
holders, and bases; Polystyrene S.W. Octal plug-in 
coils; TX plates and metal dials; H.F. and trans 
mitting chokes; 15 pf. midget ceramic variables 
4/6 each. Two new Short Wave kits—one 6-valve A.C. 
= r and the other 4-valve all-dry battery—circuits 
each. Please add ae to all articles. 

Berns (Short Wave) 25 High Holborn, 
London, W.C.1 (Tel: HOLborn 6231), opposite 
Chancery Lane. 


diagnostic purposes. 





MECHANICAL ENGINEERS to the Electronic 
Industry. Precision and Optical Instruments of -all 
Paws designed and constructed in collaboration with 

lectronic Engineers. Tecnaphot, Ltd., Mile Lane, 
Coventry. 


WE HAVE THE Largest Stock of English and 
American radio books in the country, including many 
now out of print. Write or call for complete list. The 
Modern Book Co. (Dept. E.E.), 19/23, Praed Street, 
London, W.C.2 (PAD. 4185). 


COMPONENTS FOR PROTOTYPES.—Com- 
mercial buyers for large industrial organisations, 
requiring components for prototypes (especially when 
they are in a hurry—which is mostly always) are 
gradually finding that the quickest way to get what 
they want is to ‘phone Pad. 6116, or call at 177, 
Edgware Road (not far from Marble Arch) and take 
the goods away with them. No matter what is re- 
quired, if we haven’t got it in stock we always do our 
utmost to get it quickly, and we usually know where— 
and how. 
OUR OWN FACTORY.—We have just acquired 
additional space on the premises and now have our 
own factory—primarily engaged on communications 
apparatus, transmitters and U.H.F. receivers. Mind 
you, it is only a little factory, but it is surprising some- 
times what initiative and determined effort can do. 
WHEN you have a minute to spare—call in and see 
us—you will be quite interested. 

Tele-Radio (1943), Ltd., 177, 
London, W.2 (PAD. 6116). 


SEND S.A.E. for new radio components price list. 
Speedy and efficient service. M.O.S., 24, New Road, 
London, E.1. 


WE ARE NOW able to undertake the adjustment of 
resistors and capacitors over a wide range to within o.1 
per cent. Customers’ own apparatus, including audio 
oscillators and.wavemeters, carefully calibrated to any 
required degree of accuracy. We can supply special 
precision radio ey mechanical components from the 
small gear or coil to the complete apparatus for the 
solution of unusual problems. Facilities also available 
for instrument finishing, including : engraving panels 
and dials, black crackle enamelling, and silver, nickel 
or chrome plating instrument parts. Lydiate Ash 
Laboratories, nr. Bromsgrove, Worcs. 

PHOTOGRAPHY BY BEHR will show your 


roduct at its best. Ask for illustrated list. 44, Temple 
ortune Lane, London, N.W.11. SPEedwell 4298. 


Edgware Road, 


SITUATIONS VACANT 


THE MIDDLESEX HOSPITAL Medical School, 
London, W.1. Technician required by Department of 
Physiology for construction and maintenancé of 
electronic apparatus, including high-gain amplifiers 
and cathode-ray oscillographs, used for research and 
Experience in wireless, radar or 
related branches of physics essential. Initial salary 
£6 p.w. Duties commence 1st October, 1946. Applica- 
tions to the Secretary of the Medical School. 

RADIO RESEARCH and development engineers 
required by firm in S.E. London district with experi- 
ence in design and deyelopment. of commercial radio 
and television. Write, stating qualifications and 
particulars of experience, Box 855, “ Elec. Engg.” 


TECHNICAL DEVELOPMENT man_ required 
particularly for aerial design. Must be fully acquainted 
with design of aerial equipment for radio and television 
anti-static equipment and similar. Applicants must 
be capable of design and arranging production of 
equipment, testing, etc. North-west area. Par- 
ticulars to Box 856, “ Elec. Engg.” 


PHILIPS have a vacancy in their receiver design 
laboratory for a qualified engineer, capable of 
responsible work on television development. Candi- 
dates must possess theoretical qualifications to degree 
standard and have had at least three years’ experience 
of television practice. Salary will be commensurate 
with ability and experience. Application should be 
made by letter only, marked SD.215, and addressed 
The Secretary, Mitcham Works, Mitcham, Surrey. 
ELECTRICAL ENGINEER required in London area 
to control development of variety of electro-mechanical 
instruments. Basic training in mechanical engineering 
and knowledge of electronics are essential. Applicants 
should state qualifications and experience in fait and 
salary required. Box 857, “‘ Elec. Engg.” 





VACUUM PHYSICS LABORATORY in large 
concern situated in S.W. London area has vacancies 
for graduates; Honours Degree in physics, physical 
chemistry or electrical engineering and several years’ 
research experience required. Salary, {600 per 
annum, upwards, according to age, qualifications and 
experience. Good conditions of employment and 
opportunity to publish original work. Assistants to 
above also required, and these men should have 
Honours Degree in physics. Mathematical ability 
will be regarded as an asset. Salary, £300 per annum, 


upwards, according to qualifications and experience. 
Apply in writing in the first instance to the Works 
Personnel Officer, Mullard Radio Valve Co., 
Mitcham Junction, 
o? 


Ltd., 


New Road, Surrey, quoting 


reference “ 


MANUFACTURERS SEEK services of free-lance 
technical journalist with knowledge of. radio and 
electronics. Write Box L5608, A.K. Advtg., 212a, 
Shaftesbury Avenue, W.C.2. 


LARGE FIRM in London area requires electrical 
engineer or physicist for their recording laboratory. 
An Honours Degree and experience of the design 
of audio-frequency gear and/or electro-mechanical 
devices is desirable. Knowledge of electro-acoustics 
and recorders advantageous. Write, stating age, 
= and salary required to Box 860, “ Elec. 
ngg.” 


LARGE COMPANY in London area requires engineer 
to take charge of transmitter section. This section 
develops equipment both for communication and R.F. 
heating. Only men with high qualifications and 
initiative need apply. Write, stating age, experience 
and salary required, to Box 861, ‘‘ Elec. Engg.” 


TEST GEAR ENGINEER required by important 
firm in London area to take charge of test gear depart- 
ment. This department develops electrical test gear 
for use in the firm’s works and for sale. Only men with 
good qualifications and possessing initiative need 
apply. Please write to Box 858, “* Elec. Engg.’’ 


TELEVISION AND RADIO ENGINEERS re 
quired in the near future. Experience essential in one 
or more of the following research and design fields. 
Wide band receivers, scanning and C.R.O. tube 
circuits, frequency modulation, recording systems, etc. 
Applicants must have had actual design experience. 
A degree and mathematical ability are advantageous. 
Write, giving age, particulars of training, experience 
and salary required, etc. Salary range, £400-{£800. 
Five-day week. R.F. Equipment, Ltd., Langley Park, 
nr. Slough, Bucks. 

ENGINEER REQUIRED for pre-production depart- 
ment making special cathode-ray tubes and radio 
valves. Location 50 miles London. Apply, stating 
full experience, age and salary required, to Box 862, 
“ Elec. Engg.” 


RADIO VALVE and Cathode-Ray Tubes. Person 
with experience in the assembly of experimental 
electrode structures required. Some experience in 
tool making an advantage. Location 50 miles London. 
Apply, stating experience, age and salary required, to 
Box 863, “ Elec. Engg.” 


SITUATION WANTED 


EX-RADAR SERGEANT (R.A.F.), experienced all 
types radar. Pre-war experience commercial radio. 
Requires progressive position, television or radar. 
Box 865, “* Elec. Engg.” 


WANTED 


WE OFFER cash for good modern Communication 
and all-wave Receivers.—A.C.S. Radio, 44, Widmore 
Road, Bromley. 

WANTED, VOIGT L.S. Units, horns, reflector 
speakers—any condition. Lowther Manufacturing 
Company, Bromley, Kent. 

SYNCHRONOUS DIPOLE Motor, reluctance type © 
rotor, developing 1/10-1/5 h.p. at 3,000 r.p.m., for use § 
on 230 V, single phase, 50 c/s. Research Department, 
British Cast Iron Research Association, Alvechurch, © 
Birmingham. 7 
RADIO TRADE REPAIRS, pores and efficient. © 


anteed. Dioptri Vision Aeri I 
Min Hil Hill, Deal, Kent. si 
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LL ——__ 
WHERE EXTREME ACCURACY Is Rigy 
ann Up 


Made in Three 
Principal Materials 


fREQUELEX 

An insulating material of Low Di-electric 
Loss, for Coil Formers, Aerial Insulators, 
Valve Holders, etc. 


PERMALEX 

A High Permittivity Material. For the 
construction of Condensers of the 
smallest possible dimensions. 


TEMPLEX 

A Condenser material of medium 
permittivity. For the construction of 
Condensers having a constant capacity 
at all temperatures. 


BULLERS LOW LOSS CERAMICS 


BULLERS LTD., 6, Laurence Pountney Hill, London, E.C.4. Phone: Mansion House 9971 (3 lines) 
Telegrams: ‘‘Bullers, Cannon, London.”’ : 
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are pleased 
to introduce the 


al 5 0 4 ai 
COMMUNICATION RECEIVER 


The new British made “‘ 504 i ayo poet 
ing refinements and g from Nine valves. Five switched bands. 


clave contact with war-time resear - Two R.F. and two I.F. Coninvest coverage 
tages. 000 600 i 
Unique unit construction gives . great ep te silage Keje 
Crystal Filter. Sensitivity better than 
mechanical rigidity. Precision type tuning 2 micravolts. 
Noise Limiter. 
mechanism, free from back-lash, effective ar oo 9 eee 
scale length of tuning dial is 36 inches per = , 
band. For A.C. operation, 40 to 60 cyctes, Specimen Receivers are on show at 14, Soho Street, 


110 and 200/240 volts. London, W.|I., and our Midlands Depot at 41, Carrs 
Lane, Birmingham, 4. 


pricE: £48 10s. 


(PLUS. PURCHASE TAX, £10 : 8 : 6) 


Some salient features :— 





, We are istering orders | for esivers 
~ ust and S 
n strict rotation and Sr booking 
ras desirabie. 


Write for details of our registration arrangements, also brochure giving full technical data on the’ ‘*’504.”’ 











AERIAL RELAYS DENCO LOW-LOSS COILS 


Double-pole, double-throw, On Polystyrene formers, the horizontal 
for send-receive operation, mounting allows shortest wiring. Ap- 
etc. Heavy silver ‘contacts, plicable for both receiver and low 
polystyrene insulation. Both power transmission. 
types operate from 4 to 6 
voits A.C. Range: Approx. Coverage Tuned: Each rdnge available in 4 types : 
Type AECO4 —For in Me|s. ; 

4 amps R.F. w. €2:217:36 SS eee 00 ** Blue ’’ Grid and aerial 
Type AECOIS—For a— 45.5. 0 winding (4-pin) me 

5 amps R.F. ... €£5:10:0 See Be Goes ** Yellow "’ Grid and re- 


an Bee a, | _— vee, (4-pin) 
| ., RES ‘“ Green "’ Grid, reaction 
EDDYSTONE 30— 60... ae p and Primary (6-pin) ... 
The newly augmented range 50— 90... ... SOpF}] ‘Red’ S. H. Oscillator 
of Eddystone components is 7O—125 2... 50 pF J (465 Kc/s.) 4-pin 
now available and _ includes Specif, ind: 
7 : y range and colour code when ordering: 

Slow-motion Dials, U.S.W. 
Ceramic © mounted Plug-in DENCO ribbed Low-loss Former... 
Coils, Four-pillar Racks, w ~ Fibbed Low-loss Former, fitted to ‘pia eahbens 
Metal Cabinets, etc. ribbed Low-loss Former, fitted to 6-pin sub-base 

: : Sacket Base, 4-pin : ote ast ‘ig 
Please send stamp for list. Socket Base, 6-pin 


ONAuUawn— 


Write, phone or call— 
Our shop hours are 9 a.m. ta 5 p.m 
(Saturdays 9 a.m. to | p.m.) 
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